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1.0 StWMARY


This report describes work accomplished by the Vought Corporation


Systems Division in developing an Inflatable Radiator System (IRS) for


supplying short duration supplementary cooling of space vehicles. The


program, which began in August 1973, was sponsored by NASA/JSC under contract


NAS9-13346. It has resulted in conceptual designs of two flight articles,


and fabrication and tests of two corresponding engineering model radiators.


The designs have been supported by parametric trade studies, materials 
evaluation/selection studies, thermal and structural analyses, and numerous


element tests. Fabrication techniques developed in constructing the engineer­

ing models and performance data from the model thermal vacuum tests will be 
used in refining the designs of the flight articles and in constructing a


full scale prototype radiator. 
One of the concepts evolved during the program uses soft (poly­

urethane, perfluoroelastomer, or Teflon) tubing and a thick-silvered Teflon


flexible fin material. It deploys by unrolling like a party whistle, using 
a gas pressurant to inflate two tubes on either side of the flexible panel.


Heavier deployment mechanisms such as a Storable Tubular Extension Member 
(STEM) may be substituted for the inflation tubes to obtain more positive 
control of the radiator displacement. The Teflon tubing-baseline design 
has three panels, each 40" wide by 25' long, with a combined 3-panel area 
of 250 sq.ft. and weight of 96 lb (including pumping power penalty but 
exclusive of fluid loop components). With polyurethane tubing the surface 
area and weight are increased by approximately 10%. The baseline design has 
a limited meteoroid lifetime (90% chance of surviving 2 days). A materials 
study task has been completed to extend the 90% survivability period to 
30 days.


The second concept uses hard (aluminum) radiator tubes and Teflon 
coated silver wire mesh flexible fin material. The tubes are wound in a 
helical spring configuration, forming a cylinder covered by the fin material. 
It deploys by the inherent spring force, similar to a jack-in-the-box. The 
baseline design is a single cylinder 42" in diemeter and 42' long, with a 
surface area of 463 sq.ft. and a weight of 233 lbs. The baseline design 
has a meteoroid lifetime of 30 days. 
1 
Engineering model test articles were fabricated and tested in 
the Vought twelve foot diameter vacuum chamber. The models have a reduced 
radiating surface area but are otherwise constructed to be as similar 
as possible to -theflight articles so that fabrication techniques, mate­
rials evaluations, thermal performance data, and other information 
developed is useful for evaluating and improving the basic design. The 
soft tube model is 40" x 72" and the hard tube model is 28" dia x 45" length. 
The fin material and inflation tubing for the soft tube model were assembled 
at Vought using materials and manufacturing techniques expected to be employed 
on any subsequent prototype articles. Polyurethane tubing was bonded be­
ween two sheets of the fin material with G.E. SR-585, a flexible adhesive. 
The fin material for the hard tube model was fabricated at Vought in rectan­
gular sections of two square-foot area, and was attached to the helical 
tubing with nylon thread and SE-585 adhesive. Materials studies and fluid/ 
tubing compatibility tests were conducted to determine the optimum soft 
tubing for fluid passages, and for selecting an appropriate transport fluid 
for the soft tube concept. As a result, polyurethane tubing with Coolanol 
15 as the transport fluid was used in the soft tube model. Aluminum tubing 
with Freon 21 was selected for the hard tube model. 
Each of the models was subjected to repeated deployment/retrac­

tion cycles to test their durability and tractability in adverse environ­

ments. Thermal vacuum tests were performed to evaluate the heat rejection


capabilities of the radiators and to obtain data on operating temperature


limits, flow distribution in parallel tubing networks, joint conductances


at the fin/tube interfaces, and effective surface emissivities. Supporting


element tests were conducted to determine material stiffness at ambient 
and low temperatures and to provide early thermal performance data during


design development.
 

The tests results are very favorable, and give a strong indication


that the IRS can be made to be superior in performance, cost and weight


to conventional radiator systems. The thermal performance of the hard tube


model was very near the expected level, and the radiator could be deployed


and retracted in a cold vacuum environment without difficulty. The effective


surface emissivity inferred from test data, which includes radiation


2


transmitted through the surface but originating at other points on the 
radiator, is approximately 0.83. The average fin efficiency is 0.85 and 
the average heat rejection for a deep space environment is 87.6 BTU/hr-ft2 . 
The soft tube model also performed approximately as predicted. The sur­
face emissivity of the soft tube model inferred from test data is 0.68, 
and the average fin efficiency is 0.72. The heat rejection for a deep 
space environment is 43.4 BTU/hr-ft 2 . Some difficulties were experienced 
in attempting to re-deploy the radiator after it had been retracted in a 
cold environment, and the thermal performance was not as high as had been 
predicted. However, the radiator construction proved to be more flexible 
than had been anticipated, and the model showed very little wear or degra­
dation in performance after more than fifty deployment/retraction cycles. 
The deployment difficulties were caused by gravity effects which were not 
accounted for in the test setup for simulating the retraction mechanism 
These difficulties can be corrected in the final design. The reduced


thermal performance is apparently caused by out of tolerance variatons in 
the thickness of the silver layers of the fin material, and may require


modifications in the baseline design.


Several important facts relavent to the design and construction of 
a full scale IRS were established. The soft tube concept results in 
lighter system weight and consequently higher heat rejection per unit mass 
than the hard tube concept. The soft tube radiator is much easier to 
assemble from its components than the hard tube radiator. The quality of 
the silver wire mesh/Teflon fin material is much easier to control than
 

that of the thick film silver backed Teflon material, and has slightly


better thermal properties. The soft tube design with polyurethane tubing 
is very flexible, and it is likely that stiffer tubing with higher strength 
and capacity to withstand longer durations in a meteoroid environment are 
3


possible. Additional trade studies involving the stiffness of candidate 
tubing materials, fluid properties, and the weight of deployment mechanisms 
appear to be justifiable-. The-operating temperature range possible Vith 
Freon 21 as the transport fluid is approximately -1250F to +200 0F. The 
corresponding ranges for Coolanol 15 is -10OF to +1600F. 
4


2.0 INTRODUCTION


Conventional radiators, such as those of the Apollo and Gemini 
programs, are structurally integral with the vehicle skin, while the 
Space Shuttle Orbiter radiators line the interior of the cargo bay door. 
Experiments that exceed the capacity of the primary system require 
additional radiating surface area which cannot be readily provided with 
fixed radiators, and thus establish a requirement for a versatile auxili­
ary radiator system. The flexible deployable-retractable radiator con­
cept permits the packaging of the radiator into a compact unit which can 
be attached to the vehicle structure or hatch prior to or after launch. 
On-orbit, the radiator may be deployed or retracted as shown in Figures 1 
and 2 to provide the radiating surface area needed for a specific experi­
ment. The unit may be independently developed and qualified as a heat 
rejection system which will then be ready for any spacecraft or experiment, 
and which will not require significant structural and systems accommodation. 
The flexible radiator fin material should provide high thermal 
conductance and emittance, resistance to degradation caused by ultraviolet 
radiation, and strength and flexibility in a cold environment. Transport 
fluids and tubing materials should be selected for optimum thermal per­
formance and pumping power requirements, operating temperature range, 
chemical compatibility, and survivability in a micrometeoroid environment. 
To satisfy these objectives a unique composite fin material has been 
developed, extensive materials evaluation studies have been performed to 
select transport fluids and tubing, and numerous tests have been conducted 
to evaluate radiator thermal performance, materials compatibility, pack­
aging characteristics, techniques for deployment and retraction from a


stowed volume, and methods for interfacing with spacecraft coolant hardware. 
Two feasibility demonstration flexible radiator articles representing 
alternate deployment concepts and radiator fin/transport fluid/tubing 
materials combinations have been fabricated and tested in a thermal vacuum 
environment. 
The radiator fin material developed for the flexible radiator 
system has outer layers of FEP Teflon which provide structural strength 
and resistance to chemical attack, and increases the radiating surface emit­
tance. The thickness of the layers is computed from effective surface 
5


FIGURE 1 METAL TUBE FLEXIBLE DEPLOYABLE RADIATOR CONCEPT
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INFLATABLE RADIATOR SYSTEM
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FIGURE 2 SOFT TUBE FLEXIBLE DEPLOYABLE RADIATOR CONCEPT


emittance data to optimize the performance and weight of the panel. 
Silver metal is vapor deposited on the interior surfaces of the Teflon 
to provide thermal conductance and to reflect incident solar radiation. 
The resulting composite surface has a very high ratio of emittance to 
solar absorptance, and protects the interior structure from damaging 
ultraviolet radiation. The thickness of the silver layer may be in­
creased to give high thermal conductance. Alternately, high conductance 
can be effected through silver wire mesh which is fusion bonded to the 
interior surface of the Teflon. The transport fluid tubing diameter 
and spacing are selected to minimize the system weight including pumping 
power penalty and structural mass for protection from meteoroid pene­
tration. 
The basic purpose of transport tubing is to provide long opera­
ting lifetime in a meteoroid environment, a wide operating temperature 
range, pressure retention, and flexibility and strength consistent with 
the deployment/retraction system. The characteristics of transport fluids 
which influence fluid selection are: boiling point (or vapor pressure), 
fire point, pour point, toxicity, thermodynamic and transport properties, 
and compatibility with the tubing material. A materials evaluation 
study evaluated metal tubing and a great variety of flexible materials 
including fluoroelastomers, perfluoroelastomers, thermal and thermoplastic 
polyurethanes, polypropylenes, polyethylenes, polyester and silicone 
elastomers, and various types of rubber and fluorinated polymers. Fluids 
surveyed included fluorocarbons, silicate esters, and silicone fluids.


The study identified three fluid and tubing combinations: Coolanol 15 with


polyurethane tubing, Freon 21 with aluminum tubing, and Freon 21 with 
Teflon tubing which satisfy the flexible radiator design requirements.


Screening tests consisting of chemical compatibility, flexibility, and


long term thermal exposure testing were conducted for selected material 
combinations, and numerous thermal performance element tests were made 
to develop the radiator fin materials. 
Two feasibility demonstration radiators were fabricated and tested


in a vacuum environment to evaluate overall system thermal performance and deploy­
ment concepts. The test article shown in Figure 3 is constructed with 
8 
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FIGURE 3 Nfl'AL TUF i WrFlELE RADIATOR TEST ARTICLE 
aluminum fluid passage and deploys from the inherent spring force of 
the coiled tubing: a motor driven cable or boom compresses the coils 
to retract the radiator. The other test article, shown in Figure 4, 
has flexible tubing and is stored on a cylindrical drum. Deployment 
forces are supplied by a gas pressurant which inflates two tubes or 
either side of the flexible panel causing the radiator to unroll like 
a party whistle. Heavier deployment mechanisms such as Storable Tubular 
Extendible Member (STEM) may be substituted for inflation tubing in the 
flight design to obtain very precise control of the radiator displacements.


Table I compares the construction and performance of the two feasibility 
demonstration articles. The results show that the metal tube concept 
has the widest operating range whereas the flexible tube concept has 
lighter weight. 
10


FIGURE U SOFT TUBE FLEXIBLE RADTATOR TEST ARTICLF


TABLE I COMPARISON OF FEASIBILITY DEMONSTRATION FLEXIBLE RADIATORS


TUBING MATERIAL 
TRANSPORT FLUID 
FIN MATERIAL 
DEPLOYMENT FORCE 
MODEL DIMENSIONS 
TUBE SPACING 
RADIATOR FIN EFFICIENCY 
EFFECTIVE SURFACE EMITTANCE 
! UPPER OPERATING TEMPERATURE LIMIT 
i LOWER OPERATING TEMPERATURE LIMIT 
WEIGHT 
METAL TUBE RADIATOR 
 
ALUMINUM 
 
FREON 21 
 
SILVER WIRE MESH/TEFLON 
 
COILED TRANSPORT TUBING 
 
28" DIA X 45" (O.7M DIA 
 
X 1.14 M)


1.5" (.038M) 
 
0.85 
 
0.83 
 
300°F (4500K) 
 
-140°F (1780K) 
 
4.8 kg/m 2 
 
FLEXIBLE TUBE RADIATOR
 

POLYURETHANE


COOLANOL 15


THICK LAYER SJLVER/TEFLON


INFLATION TUBING


40" X 72" (lm X 1.85m)


1.0" (.025M)


0.72


0.68


200OF (3670K)


-200F (245K)


1.9 kg/m 2


m m mum mm|l mIml II m II am mmm mmmm 
TABLE II 
DESIGN REQUIREMENTS SUMMARY - FULL 
SCALE SPACE APPLICATION


THERMAL ENVIRONMENT HOT: 550 X 100 N.MI. SUN ORIENTED 
COLD- FACING DEEP SPACE 
MAXIMUM HEAT LOAD 4 KW 
FLUID INLET TEMPERATURE HIGH LOAD DESIGN POINT : 1000 F 
HOT OPERATING LIMIT : 200°F 
FLUID OUTLET TEMPERATURE GOAL OF 40°F OR LOWER; 50°F MAX 
VEHICLE PHYSICAL INTERFACE ATTACHMENT TO AND DEPLOYMENT FROM 
MINIMUM VOLUME CANISTER. HEAT EXCHANGER 
INTERFACE. DESIRE POTENTIAL FOR DIRECT


TIE-IN WITH VEHICLE LOOP. 
ACCELERATIONS (DEPLOYED) PER CURVE FOR 950-LB RCS STABILIZATION 
(MAX. 0.02-g END OF 50' IRS) 
MINIMUM TEMPERATURE (MATERIALS) -250°F


ATMOSPHERIC DRAG -INCLUDE IN STRUCTURAL ANALYSIS 
VEHICLE 
 
Shuttle 
 
(Reference 18) 
 
Space Station 
 
Prototype
(Reference 19)


Modular Space 
 
Station 
 
(Reference 20) 
 
Spacelab 
 
(Reference 21) 
 
FLOWRATE/ 
 
FLUID 
 
2200 Lb/Hr 
 
Freon 21 
 
29,200 Lb/Hr 
 
Freon 21 
 
Not Defined 
 
Probably 
 
Freon 21 
 
Freon 21 
 
TABLE III


RADIATOR REQUIREMENTS FOR VARIOUS VEHICLES


MAXIMUM HEAT LOAD RADIATOR 
HEAT RANGE INLET TEMP. 
LOAD(BTU/HR) (BTU/HR) OF 
71,450 7550-71,450 164.0 
155,000 Not Defined 56 
 
27,425 Not Defined Not Defined 
 
Any One 
 
Module


46,250 Not Defined Not Defined 
 
RADIATOR


OUTLET TEMP.


OF 
 
40.0 
 
34 
 
40 
 
40 For man-

ned experi­

ments; un­

defined for


unmanned


ENVIRONMENT


IOON.M.-270N.M.


Orbits
0-90 Deg. Inc.


255N.M. Orbit 
550 Inc. 
270N.M. Earth


Orbit


Same as Shuttle


IRS was selected as the smallest of the potential envelopes of the dock­
ing hatch for the Modular Space Station, and airlock for the Spacelab 
and the docking module of the Shuttle Orbiter. By designing for the 
smallest envelope this insures the IRS could be integrated into the other 
potential locations. Capacity for deployment from the stowage compart­
ment is a groundrule, and retractability is a likely mission requirement 
but was not considered necessary for initial feasibility demonstration.
 
The requirements summarized in Table II were established early


in the development program to provide a starting point for designing the


inflatable radiator system. Additional information on groundrule selection 
and mission requirements has evolved during the course of the program and


should be incorporated into the designs of subsequent prototype programs. 
Of particular importance are constraints imposed by micrometeoroids and ul­
traviolet radiation. The effects of these environmental factors on the
 

radiator design are discussed in separate sections below. Additional


3.2 Initial Concept Selection


The design requirements and groundrules of 3.1 provided a starting 
point for the generation of IRS concepts. The feasibility of these various 
concepts were then evaluated on the basis of screening criteria, which re­
flected the design requirements and performance evaluation considerations. 
This section describes the screening criteria and presents a series of 
concept formulations/evaluations for the two key aspects of an IRS design 
the radiator system itself and the associated packaging/deployment tech­
nique. The "radiator system" consists of the inflatable radiator panel(s), 
the transport fluid, and any associated pumps, valves, and heat exchangers. 
Finally, two concepts selected for development and testing are described 
3.2.1 Screening Criteria


The screening criteria established for selecting IRS concepts is


given in Table III-A. The criteria fall into three general categories, radiator


system considerations, radiator panel design and fabrication considerations,


16 
TABLE III-A


PROPOSED INFLATABLE RADIATOR SYSTEM CONCEPT


SCREENING CRITERIA


RADIATOR SYSTEM CONSIDERATIONS: RADIATOR DESIGN & FABRICATION 
 
CONSIDERATIONS-

o 	 Thermal Performance 	 o State-of-the-art 
o 	 Operating Constraints 	 0 Structural integrity 
 
o 	 Degradation in space environment o Manifolding 
 
o 	 Pressure drop/pumping power o Fluid compatibility 
 
requirements o Failure modes 
 
o 	 Heat exchanger requirements Cost 
 
PACKAGING AND DEPSOYMENT
 

CONSIDERATIONS:


o 	 Radiator flexibility


o 	 Packaged volume of radiator


o 	 Packaged volume of other


components


o 	 Deployed dynamic stability


ao Deployment mechanism com­

plexity


o 	 Retraction capability


o 	 Packaged weight of system


and packaging and deployment considerations. Application of the


criteria at a general level is demonstrated below for the selected


concepts.


3.2.2 Radiator Concept Formulation and Evaluation


Elements to be considered in radiator concept formulation in­

clude transport fluids, transport tubing and radiator fin materials, and


tube-fin geometric configurations. Documentation supporting the selection 
of materials for the IRS and detailed technical data on material properties


are given in section 3.5. General information on materials requirements


relevant to selection of an inflatable radiator concept are given below.


The major considerations in selecting a transport fluid are


Operating pressure (desired low for IRS structural


simplicity)


Freezing or pour point (condensation temperature


for gases)


Stability of composition


Thermal performance


Pressure Drop Performance


Toxicity


Compatibility


Variation of properties over the design temperature 
range 
Availability 
Cost


These considerations reflect application of the general screening criteria


(e.g., thermal performance, operating constraints) to the specific task of


fluid screening.


Considering these characteristics, three liquids, Freon 21, 
Freon E-2, and Coolanol 15, were identified for use in design studies of 
the inflatable radiator. In addition, use of a gaseous transport fluid 
was considered and one gas (nitrogen) was selected for further evaluation.
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Liquid Transport Fluid Screening


The operating pressure required to preclude fluid phase change 
is a predominant liquid transport fluid screening criterion for inflatable 
radiator applications, since to be flexible the radiator material must be 
thin and hence the burst pressure relatively low. Table 4 lists some


typical liquid coolants and their vapor pressures at 200'F. This gives an


indication of required operating pressure for a test heat source to provide 
160OF inlet temperature.


The freezing point of the fluid is also important for radiator 
applications since it sets the lower limitation on heat load control, i.e., 
the lowest amount of heat rejection possible with the radiator still having 
the capability of recovering to high heat load. Radiator systems are gen­
erally sized to reject the maximum heat load under the worst thermal environ­
ment which could reasonably be expected for the mission. Heat loads and 
environments are not usually constant for an entire mission and thus under 
a lower heat load (lower inlet temperature) at a lower environment the ra­
diator outlet temperature would fall below the design value. If the radiator 
system is used to cool a EC/LS water system for instance as is the case in


the Shuttle, Space Station and Sortie Labs and the return temperature fell 
below 32 0 F, the water loop could be frozen and thermal control of the cabin 
lost. For this reason control of the amount of heat rejected by the radiator 
is required. The various ways of accomplishing heat load control through


fluid system design are discussed in Reference (1 ), and the limitation of 
all these methods is the freezing point of the fluid. Since it would be 
desirable to have a wide heat load range for multiple mission capability, 
it is desirable to have a coolant with as low a freezing temperature as 
possible. Table 4 gives the freezing point of selected liquid coolants.


The combined requirement of low operating pressure and low freez­
ing point is sufficient to screen the liquid coolants quite extensively. 
In general, liquids with a low freezing point have a high vapor pressure 
at design temperatures. Of the fluids listed in Table 4 , Freon E-2 and 
Coolanol 15 were identified as fluids which can be operated at 15 psia


and have low freezing points. Freon 21 was also selected for further study


although its operating pressure is relatively high (165 psia) for a


18


TABLE IV


LIQUID COOLANT CHARACTERISTICS


VAPOR PRESSURE 
FLUID AT 2000F,PSIA 
Freon TF-DuPont 54 
Freon El-DuPont 73 
Freon E2-DuPont 10.3 
Freon E3-DuPont 2.1 
Freon E4-DuPont .58 
Freon E5-DuPont .185 
Coolanol 15 .155 
Coolanol 25 .0031 
Coolanol 35 .0031 
Coolanol 45 .0001 
Thermrnal FR .27 
Therminal FR-O .026 
UCON HTF - L20 .0019 
UCON HTF - 10 .0019 
UCON HTF - 14 .0019 
Freon 112 15 
Freon 113 54 
Freon 114B2 54 
Freon 11 103 
Freon 21 165 
Freon 114 180 
Freon C318 260 
Freon 12 430 
Freon 22 680 
RS 89A 17 
FC-25 1.9 @ 120 
FC-43 5 @ 770 F 
Orornte 8786 <1 
Orornte 7277 <1 
Oronite 70 <1 
FC-77 2.3 @ 1200 
FREEZING OR BOILING POINT 
POUR POINT OF AT 1 ATM. OF 
- 31 117.6 
-246 105.4 
-190 220.0 
-160 306.1 
-138 380.8 
-119 435.6 
-140 440.0 
-120 590.0 
-120 625.0 
- 85 650.0 
- 40 432. 
- 15 570. 
- 40 -
- 45 
- 35 -
79 199 
- 30 118 
-167 117 
-168 75 
-211 48 
-137 39 
- 42 21.5 
-252 -22 
-256 -41 
- 80 240 
- 80 216 
- 40 345 
-100 
- 35 
-100 -
-100 -
REPRODUCIBILITY OF THE 
19 ORIGINAL PAGE IS POOR 
TABLE IV 
LIQUID COOLANT CHARACTERISTICS (CONT'D)


VAPOR PRESSURE 
 
FLUID AT 200 0FPSIA 
 
FC-78 <1 @ 770F 
UC LB-165 <.I 
SF-85 <.J 
F-50 Low 
L-45 Low 
Oronite M-2 <.6 
Oronite 8200 <2.0 
DC 210 <2.5 
FREEZING QR BOILING POINT 
POUR POINT OF AT 1 ATM. OF 
-­12-2 1-22--­
- 50 
-120 
-100 
- 67 
-110 
-100 
- 85 
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flexible system. This selection was based on the use of Freon 21 in the 
Shuttle heat rejection system and its probable use in the Sortie Lab and


Space Station Systems. The required operating pressure of F-21 is no


problem for a "hard" system such as the Shuttle design and this fluid has


significant other advantages which led to its selection for the Shuttle


application. Freon 21 has a low freezing point (-2110F) and the viscosity


is not sensitive to temperature as are many other low temperature freezing


point fluids, including Coolanol 15 and Freon E-2. Freon 21 is compatible


with most materials and, although somewhat toxic, is not highly lethal.


In addition to these advantages Freon 21 was selected for further study


since use of this fluid would make it possible to directly integrate the


IRS with the primary fluid system of the Shuttle, Sortie Lab, or Space


Station, thus eliminating the requirement for a IRS - primary coolant system


heat exchanger.


The fluids selected have good thermal properties, and are not


highly toxic, although they would be required to be isolated from inhabi­

ted areas. They have stable composition, are compatible with most materials


and are available at reasonable cost.


Gas Transport Fluid Screening


Although not generally considered for conventional space radiator


systems, gases are worthy of investigation as candidate transport fluids


for an inflatable radiator system. Gas storage volume requirements are


small, and a gas could act as both the inflation medium and a low pressure


transport fluid in an IRS. A gas radiator obviously requires a heat ex­

changer interface with the spacecraft fluid system, but such an interface


may well be a baseline IRS requirement. The primary disadvantage of gases


is a potential large pumping power requirement. However, an inflatable


gas radiator can potentially be configured with large, low pressure drop


flow passages without incurring a severe penalty in radiator weight or


transport fluid weight.


An important consideration in the evaluation of gases as inflatable


radiator transport fluids is their condensation temperature. If the gas


condenses in the operating temperature/pressure range of the radiator system,


deflation of the radiator may result, with a coincident decrease in per­

21


formance. As shown in Table 4 , the vapors of most transport fluids


have one atmosphere boiling points in excess of 40 0F and would condense 
under low-load radiator operating conditions. Thus the fluid selection 
is limited to substances which are normally called "gases", such as ni­
trogen, helium and hydrogen.


These gases can be evaluated from the standpoint of thermal and 
pressure drop performance in the same manner that liquid transport fluids 
have been evaluated in the past (Reference 11). Since large convective


heat transfer coefficients will be required, it is the turbulent flow per­
formance which is of interest. Values of turbulent flow pump power para­
meter (*T) and turbulent conductance parameter (nT) are shown in Figure 5 
for nitrogen, helium and hydrogen at one atmosphere pressure and as a 
function of temperature. These parameters are dependent only upon fluid 
properties and are proportional to the pumping power and conductance,


respectively. Low values of pumping power parameter are desirable, while


high values of conductance parameter correspond to low fluid-to-wall tem­

perature differences which are desirable. From a pumping power standpoint, 
nitrogen is seen to be somewhat worse than helium, while hydrogen is the 
best of the three. It is interesting to note that the pumping power re­
quirement for gases increases with temperature as a result of the increase 
of gas viscosity with temperature. This effect is the opposite of that 
experienced in liquids, which require more pumping power as temperature 
decreases and viscosity increases. From a conductance standpoint, hydrogen 
and helium are seen to be somewhat better than nitrogen. However, the 
disadvantages of hydrogen (combustibility) and helium (leakage tendencies) 
tend to offset their pumping power and conductance advantages. The 
availability and reasonable performance characteristics of nitrogen make 
it the logical transport fluid for further design studies of a gas inflatable 
radiator. 
IRS Tube-Fin Concept Screening


For a conventional radiator, the primary consideration in tube­
fin configuration selection is the detail tradeoff involving radiator


weight and pumping power penalty. However, inflatable radiator tube-fin 
concepts are first subject to a general screening on the basis of their
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flexibility, fabricability, and structural integrity under the operating 
temperature and pressure condition of the associated transport fluid. A 
sequence of concept formulation is illustrated in Figure 6 and the results 
of the screening process are discussed below.


Concept A is formed by laminating two sheets of flexible material


("plastic") together in such a way as to form fins and flow passages upon


inflation. The area which forms the tube walls may be metallized for use


with the liquid transport fluids in order to reflect solar radiation. The 
fLin area (and the tube area in the case of the gas transport fluid) requires 
no metallization since, in general, the materials utilized will be trans­

parent to solar radiation. It is a very simple concept, but is unsuitable 
for use with the Freon 21 transport fluid because the high pressures in­
volved are likely to cause delamination or a tearing failure at the flow 
passage. The configuration is also thermally unsuitable for the low pres­

sure liquid (Freon E-2) and gas (Nitrogen) transport fluids because of the 
low thermal conductivity and correspondingly low fin effectiveness.


Concept B represents the logical extension of Concept A for the


case of the gas transport fluid. Since the transport fluid mass is a
 

small portion of the total mass in a gas radiator system, it is feasible


to make the entire radiating area (except for inter-tube seals) tube area. 
Thus Concept B eliminates the fin effectiveness problem of Concept A by 
eliminating the fins. Concept B was selected as the baseline configuration 
for the gas transport fluid, and subsequent materials selection and system


optimization studies for it are discussed in Section 
In an attempt to improve the thermal performance of Concept A for 
the case of the low pressure liquid transport fluid, Concept C was formu­
lated. Here a metal foil is included in the lamination to improve fin


effectiveness. The problem which immediately arises is fabrication of the


laminate. With the foil in the interface, sealing is not possible. If a


gap is left in the foil for heat sealing the resulting fin effectiveness


is unacceptable.


This problem is overcome by Concept D, which employs a wire mesh


in the laminate. This mesh allows the face materials to be laminated through
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FIGURE 6 SOME INFLATABLE RADIATOR TUBE-FIN CONCEPTS 
the mesh gaps. A mesh can be selected with high solar reflectivity, and


can extend across the tube flow passage and tends to enhance convective


heat transfer. Concept D was selected as the baseline tube-fin configura­

tion for the low-pressure liquid transport fluid, and details of materials


and system optimization studies for it are also presented in Section


Concept E represents a first attempt at a design for the high


pressure transport fluid. It consists of flexible plastic tubes bonded to 
a plastic-wire-plastic laminate layup such as that of Concept D. This


concept was deemed difficult to manufacture. In addition, the thermal per­

formance and flexibility characteristics of the tube-fin bond were consi­
dered questionable.


Concept F resembles Concept E except that one sheet of the lamnnate


includes integral extruded tubes. This eliminates the tube bonding problem, 
but feasibility of manufacturing the required extrusion (with the fin portion 
thin enough to be flexible) was investigated and found to be poor. 
Concept G incorporates the flexible plastic tube of Concept E into


the laminate itself. It is essentially the same as Concept D, with the tube


inserted in the flow passage to provide structural integrity under the rela­

tively high pressures of the Freon 21 system. This appeared to be a promising


concept and was selected for further evaluation in the Design Studies Section. 
To illustrate the variety of tube-fin concepts evaluated during 
this effort, Concepts H and I are presented. Concept H consists of an 
open cell form inserted in the flow passages of a concept such as B. The 
intent of this approach is to enhance heat transfer and maintain a favorable 
flow passage shape. Note that the laminate faces must be metallized for 
low solar absorptivity, since the foam would be expected to have a relatively 
high absorptivity. The difficulty with Concept H lies in the fact that the 
foam tends to deform as the radiator is inflated and the passage tries to 
assume a circular shape. Concept I represents an attempt to eliminate this


problem by bonding facesheets to the open cell foam. Performance calcula­
tions showed that the flexibility and pressure drop characteristics are 
unacceptable, so they were screened out on that basis.


In the concept screening, consideration was also given to use of


pyrolytic graphite with its high lateral thermal conductivity, for fin 
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effectiveness enhancement. The various properties of pyrolytic graphite
 

are discussed in Reference 12. In summary, pyrolytic graphite has a


lateral thermal conductivity of 200 BTU/hr-ft-F as compared with
 

217 BTU/hr-ft-0 F for copper. However, its transverse thermal conductivity


is some 200 times lower. It is relatively expensive and its attractive


thermal transport properties are offset by a high solar absorptance, which
 

would dictate use of a reflective coating. In addition, it requires a


hot substrate (1900'F to 44000F) for proper vapor phase deposition, thus


precluding its use with polymer films. It is brittle, with a typical
 

minimum bend radius of 1/8" for ribbon in the 0.0002" thickness range.


This brittleness would make stowage/deployment of the inflatable radiator


difficult. Thus pyrolytic graphite was eliminated from further considera­

tion on the basis of this screening.


In summary, a series of tube-fin concepts have been evaluated.


Concepts B, D, and G were selected as examples for detail design study for


the gas transport fluid system and the low pressure and high pressure


liquid transport fluid systems, respectively.


3.2.3 Deployment Concept Formulation and Evaluation


In this section several concepts for deploying the inflatable


radiators are discussed and screened in order to select candidates for


more detailed analysis in design studies. The screening criteria, as


given specific definition for deployment concept evaluation, are


Complexity 
State-of-the-art 
* Volume 
Weight 
" Power 
Stowability


Installation Complexity


Potential for Retractibility


Figures 6-A and 6-B show the concepts considered in this section.


Transport Fluid Inflatation - Figure 6-A shows several panel con­

figurations which could be deployed by filling the fluid passages with
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transport fluid. Virtually any panel shape can be folded or rolled in­
to a compact package and deployed in this manner. The package shape 
would be somewhat dependent upon the deployed panel shape. A means for 
retracting or stowing the panel after use would have to be provided


separately. A simple retraction means for the rectangular panels would 
be a series of springs integrated into the panel such that when the trans­
port fluid is relieved the panel will return to its stowed configuration. 
An example of this concept is the inflatable noisemaker seen at parties.


There a rolled up paper tube is inflated by blowing on one end. When 
pressure is released a spring integrated into the tube rolls it up again.


Retracting other shapes would probably be more complicated. 
Separate Inflation Fluid - Should the filling of the fluid pas­
sages with the transport fluid fail to result in a panel rigid enough to 
withstand vehicle maneuvering accelerations, separate gas cavities could


be provided which would make the panel rigid. The panel configuration


shown in Figure 6-A would be deployed in this manner. 
Mechanical Deployment - Figure 6-B shows several panel configurations 
which could be deployed mechanically. Particular shapes imply the use of 
certain types of mechanisms. STEM (Storable Tubular Extendable Member) 
devices and Astromasts are compactly packaged extension devices, having 
proven space applications, which are particularly of interest for this


deployment application. Both these devices may be obtained for powered 
extension and retraction or can be spring loaded to the extended position. 
These devices are applicable for retraction of the panel as well as de­
ployment if they are powered. 
Flexible solar cell panels have been deployed in space using the


concept shown in A, with parallel stem devices supporting each side of the


panel. B is a variation using folded instead of rolled stowage.


C shows a panel rolled for stowage and extended using a single 
Astromast. This same arrangement could be used with a STEM device also. 
The cylindrical panel shown in D uses an Astromast for deployment 
and retraction. The same arrangement could also be used with a STEM device. 
A circular panel could be deployed like an umbrella, as shown in 
E, and retracted in the same manner. 
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F uses STEM devices in conjunction with a power drum to unroll 
and reroll the radiator panel. This would allow the varying of the ra­
diator surface without complicating the transport fluid plumbing. 
As an additional concept, the IRS deployment could utilize a re­
cent development of Naval Ordinance Laboratory, 55-Nitinol alloy (Reference 
13). This 55% nickel, 45% titanium alloy has a mechanical memory, i.e., 
it can be plastically deformed below the transition temperature range and 
given a permanent set. Application of sufficient heat to warm the alloy 
above the transition temperature range, (about +l500F) causes the deformed 
part to return to its original shape. Thermal deployment could be accom­
plished by electrical resistance heating of the metal itself, by solar 
heating, by separate heater, or by explosive squib. The resistance to 
metal fatigue, i.e., endurance limit, is quite good for the alloy, and 
the transition temperature range can be varied between 300'F and -300OF 
by changing the nickel to titanium ratio or by partial substitution of 
cobalt for the nickel. Self-erectable deployment structures of Nitinol 
alloy have been demonstrated for devices such as antennas, cozl-uncoil 
tape devices, cylinders, extendable booms, mechanical actuators, radar 
reflectors, rectangular and circular grids, and solar cell arrays. Pri­

mary disadvantages of the material are close control requirements on


alloy chemistry, and lack of available data on its performance when used


on hardware deployed in space. In addition, its requirement for a con­
trolled, external energy source is a significant disadvantage. 
Initial Candidate Selection 
Based on the screening criteria of Table III, three candidate


deployment system concepts (Figure 6-A, Concepts B and F; Figure 6-A, Concept


D) were initially selected for additional study and development. Later 
additional concepts which are able to survive long periods in a micro­
meteoroid environment were included in the list of candidates. These 
concepts are discussed in detail in Section 3.3.3, Selection of Concepts


for Design Studies. 
3.2.4 Radiator Material Evaluation


State-of-the-art plastic films, which are the prime candidate 
materials for the IRS panels, have been well established as either 
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inflatable structures and/or thermal control surface materials. The 
plastic film serves both these functions in the IRS concept. It must


act as the primary structure of the IRS itself, while retaining the


transport fluid and maintaining a panel configuration which allows heat 
to 	 be rejected as the fluid in circulated. In addition, the surface of 
the film must have optical properties which are stable and which allow 
the IRS to efficiently reject heat. A low solar absorptance and high


emittance are thus required.


In any of the IRS concepts considered for system trades, a 
plastic film is required as the prime structural component. Any film 
considered as an IRS material must have the ability to meet these general 
and specific criteria 
Chemical compatibility with the heat exchange 
fluid 
Minimum degradation of mechanical and optical 
properties due to solar ultraviolet and other


damaging irradiation 
Low solar absorptance 
* 	 High emittance


* 	 Mechanical properties to-retain shape and
 

fluid pressure at the temperature extremes to


be experienced by the IRS


* 	 Formable by heat sealing to itself or heat 
bonding to metals or other polymers 
Flexibility to aid deployment by electro­
mechanical, thermomechanical, or pneumatic 
techniques 
" 	 Adequate thermal conductivity to allow heat


transfer across the film 
Table 5 lists candidate film materials with key properties noted. Thermal 
effects or solar ultraviolet degradation disqualify most polymers except for 
the polyimndes and fluorinated ethylenes and ethylene propylenes. The 
polyimide film, particularly the polyimide/fluorinated ethylene propylene 
(FEP) laminate, has attractive mechanical and thermal properties. Un­
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C 
MATERIAL 
 
Polyethylene 
 
Chloroprene 
 
Polypropylene 
 
Polycarbonate 
 
Polyvinylidene 
 
fluoride


LO 
Polyvinyl 
 
flouride 
 
Polyester 
 
Polyimide 
 
Polyimide/FEP 
 
laminate 
 
Ethylene tetrafluoro-

ethylene copolymer 
 
Fluorinated ethylene 
 
propylene 
 
TABLE 5 CANDIDATE IRS MATERIALS


PRINCIPAL 
 
TRADE NAME ADVANTAGE(S) 
 
Bakelite Ease of heat sealing 
 
Neoprene Flexibility at ambient 
 
temperatures 
 
Clysar Mechanical strength 
 
Lexan High impact strength 
 
Kynar Chemically inert 
 
Tedlar 	 Chemically inert 
 
Mylar 	 Mechanical strength 
 
Kapton H 	 Mechanical strength 
 
Kapton HF 	 Heat sealable, mechanical 
 
strength


Tefzel 	 Mechanical strength 
 
reported good optical 
 
properties. 
 
FEP Teflon 	 Low solar absorptance, 
 
High emittance, uv stable 
 
PRINCIPAL


DISADVANTAGE(S)


Brittle at low


temperatures


High solar absorptance;


brittle at low temperatures


Brittle at low temperatures


Tends to craze


Limited uv degradation data


Loss of strength after thermal


exposure


Loss of strength after thermal


exposure


Not heat sealable,


high solar absorptance


High solar absorptance


Limited solar


ultraviolet (UV)


degradation data


Relatively low


mechanical properties


fortunately, the yellow-gold tint inherent in the film raises the solar


absorptance to unacceptable levels as the primary IRS material.


The ethylene-tetrafluoroethylene copolymer (ETFE) is a state of


the art fluorocarbon film having mechanical ruggedness, tear resistance,


impact resistance, and resistance to degradation by radiation as outstanding 
properties. The chemical and optical properties are similar to the more
 

familiar FEP. It is considered as an inflatable radiator material since 
the yield strength in tension is about twice that of FEP. Other factors 
being equal, this allows a twofold margin of safety or a film thickness 
of one half that of FEP for a similar fluid operating pressure. In a number 
of other key properties, the ETFE is superior to FEP. The density is 20%


lower. The impact strength is more than twice as large; tear strength is


four to five times higher. Fabrication and heat sealing techniques are


similar to those for FEP with sealing pressures being somewhat lower on


ETFE. Resistance to radiation degradation is improved by a factor of three 
with little effect being noted on tensile properties of the EFE after ex­
posure. Unfortunately, little data exists on the effect of solar ultra­
violet radiation on ETFE (Reference 14). Primarily for this reason, the


ETFE will be considered an alternate material for radiator fabrication 
until the UV degradation limits are established. 
The fluorinated ethylene propylene (FEP) film represents the most


chemically inert polymer available as a heat sealable material. FEP film 
has a service temperature range from -4000F to +395 0 F. The resistance to 
tearing, abrasion, and impact is quite high at ambient temperature and re­
mains useful in the cryogenic range. The FEP film resists degradation due 
to solar ultraviolet radiation better than alternate heat sealable films. 
(Reference 15). It has been highly successful as a substrate for thermal 
control coatings on numerous spacecraft and satellites. Flight hardware 
using FEP film in the thermal control systems includes SAS-A, SAS-B, ALSEP, 
Skylab, Mariner II, Mariner V, OSO-H, OG0-6, IMP-l, OAO-B, and OAO-C. The 
combination of low solar absorptance and high emittance found in FEP is 
more favorable than in other candidates for IRS use. This, couples with 
the resistance to solar radiation degradation and adequate mechanical 
properties, leads to selection of FEP film, type A, as the basic material


3.3 
of 	 fabrication for the inflatable radiator system.
 

Concept Developments


Design requirements, groundrules and concepts established in


the initial stages of the program served as a starting point for a more


detailed development study, the purpose of which was to devise and design


two inflatable radiator concepts and demonstrate their feasibility in


a thermal vacuum test. This section documents the analysis, concept


generation studies, screening studies, design studies, and element tests


leading to the selection of the two concepts, and the optimization of


their designs. A summary of the accomplishments and milestones of the


concept development study is given below.


(1) 	 Orientation briefing at NASA/JSC on 13 September 1973,


at which time design requirements and groundrules were


finalized.


(2) 	 Concept generation studies, under which two basically


new tube-fin approaches were added (hard tubes and
 

thick-silvered Teflon fins)


(3) 	 Concept screening studies, under which tube-fin concepts


were evaluated along with potential manifolding schemes


and deployment concepts to select five candidate tube­

fin concepts for design studies.


(4) Design studies, under which meteoroid protection require­
ments have been evaluated, materials space radiation 
stability has been assessed, materials element tests have 
been 	 conducted to determine fabricability and flexibility 
of concepts, and additional trade studies have been carried


out leading to the selection of the two most promising


concepts to support the Concepts Briefing.


(5) 	 Concepts briefing at NASA/JSC on 20 November 1973, at which


time agreement was obtained to pursue the following two


concepts throughout the remainder of the design studies 
(a) 	 Cylindrical hard tube concept with a silver 
wire mesh/Teflon film laminate fin material 
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(b) A roll-up soft tube concept with an evaporated


thick silver/Teflon film fin material.


(6) Additional evaluation under Design Studies on the evapora­

ted thick silver-Teflon film concept to determine an ap­

propriate compromise between panel area and weight.


(7) 	 Element tests during December 1973 to evaluate techniques


for bonding the Teflon/wire mesh laminate to hard tubes.


(8) Additional analyses during January 1974 to study the effect


of halving and doubling the silver thickness in the thick


salver-Telfon film concept.


(9) 	 Informal Review by NASA/JSC at Vought on 27 February 1974.


Redirection by NASA at that time to relieve the meteoroid


design requirement on the soft tube concept to the point 
that it does not control tube stiffness. 
(10) 	 Precursor thermal vacuum element test on 5" x 8" thick­
silver test article on 27 March 1974. Verified Teflon tube 
wall and fin temperature drops. 
(11) 	 Receipt-of partial order of silver wire mesh (12 ft2 ) on
 

14 March 1974. Initiation of Spraylon coating trials with


Lockheed Palo Alto Research Laboratory on 2 May 1974.


(12) 	 Receipt of contract Mod No. 1 on 1 May 1974 to expand the


program scope to include digital thermal analysis and fabri­

cation and cold case thermal vacuum testing of a second


inflatable radiator concept. Rescheduling during May of


expanded program.


(13) 	 Informal review by NASA/JSC at Vought on 22 May 1974 to re­

vnew 	 program progress, precursor thermal vacuum tests, pre­
liminary Spraylon coated silver wire mesh elements, and


materials for thick silver film test elements.


(14) 	 Initiation of detailed preliminary design effort in May 
1974, 	 with supporting structural, environmental control, and


materials analysis. Concept configurations finalized, in­

cluding sizing of fluid loop components and deployment systems.


Rehashed trade studies to incorporate revised meteoroid re­

36


quirements (per 27 February NASA redirection) and to in­

corporate subsystem level impacts for configurational


options. Completion of preliminary design drawings in


June 197.


(15) Element tests during June 1974 for fabricability, flexi­

bility, and mechanical integrity of 9 laminate samples formed 
of thick silvered Teflon of 3 silver and Teflon thicknesses. 
(16) 	 Notification by Newark Wire Cloth Co. on 11 June 1974 that 
the expected shipment date of the remaining GFE silver wire 
mesh has slid to 16 August 1974. Further notification on 
23 August of another slide to 15 September. 
(17) 	 Formal Status Briefing at NASA/JSC on 21 June 1974, at which 
time the preliminary designs were presented, element tests 
were described, and a formal briefing document was delivered. 
Concurrence at and subsequent to the meeting was obtained on 
the preliminary designs. 
(18) 	 Initiation of Steady State Design Routine (SSDR) computer 
analysis of the preliminary designs in June 1974 to evaluate 
design parameters in more detail and greater fidelity than 
by hand.


(19) 	 Request by NASA/JSC on 26 June 1974 to re-evaluate soft tube 
concept materials selection. Submission of matrix to NASA 
on 28 June comparing pertinent evaluation parameters for 19 
candidate materials. FEP Teflon remains as choice for cur­
rent program (per NASA direction). 
Details of the concept development study are given in References (2) and


(3). The most significant results are summarized below.


3.3.1 Description and Screening of Candidate Concepts


This 	 section describes the inflatable radiator concepts considered 
in the development study. Candidate designs include concepts formulated in


the initial conceptual studies, NASA suggested concepts, and new concepts


generated during the design studies.
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Figure 7 shows a cross-section of a gas radiator concept. In

the manufacture of an IRS for a moderate pressure, gaseous transport fluid,

typically nitrogen at 15 psi, the gas flow passages are wide, ca. 2 inches.

This IRS would be fabricated by heat sealing a series of parallel passages

along the desired length of doubled FEP film or FEP tubing, as shown in

Figure 7. Headers, manifolds and gas transfer passages as shown in Figure

8 are formed by heat sealing with thermal impulse equipment. Impulse sealers

are now available for curves and irregular contours as well as more conven­
tional linear seals (Reference 16). The structural limit of a heat sealed 
joint would be defined by tension in the film adjacent to the seal, rather 
than by peel within the heat seal itself, since the strength of FEP heat 
seals made using current impulse technology approach that of the film it­
self (Reference 14). Gas radiator deployment concepts considered in the 
design studies are shown in Figure 9.

Both moderate pressure, typically Freon E-2 at 15 psi, and high 
pressure, typically Freon 21 at 165 Psi, transport fluids are considered in 
conceptual IRS designs. High lateral thermal conductivity is required in 
either of the systems using a liquid heat transfer fluid. The Freon E-2 
transport fluid system is detailed in Figure 10. Note that a silver wire 
mesh is proposed as the high thermal conductivity material. Selection was 
based on the high thermal conductivity value intrinsic in the silver wires, 
the low solar absorptance of the silver, and the availability of 0.002" 
silver wire with adequate strength for weaving into the "open" mesh of

67 wires/inch in the warp direction and 40 wires/inch in the fill or


shute direction was dictated by both thermal considerations and current


metal weaving technology. The mesh would be laminated within the FEP film


by either of two approaches. A hot roll, continuous laminating mill heats


and compresses the FEP film to force a bond between and through the open


areas of the silver mesh. The roll configuration is fixed so that a con­

tinuous pattern of unbonded fluid flew passages in either the transverse


or longitudinal direction is produced from the laminating mill. Headers 

and manifolds are formed on the laminated sheet by configured, impulse 
sealing equipment. The result is a laminate of silver mesh within the 
FEP film. A wide strip impulse type heater designed to seal a long, narrow

area, typically 2' x 0.25', could also be used to produce the desired
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FEP TEFLON - 002 THICK 

TWO-SIDED RADIATOR DESIGN (OPTIMIZED) 	 FEATURES

" TRANSPORT FLUID : N 2 @ 15 psia, 744 pph 
 o SIMPLICITY
 
" RADIATOR PANEL AREA ; 310 ft 2 
 * FLEXIBILITY
 
* 	 PROJECTED TUBING AREA : 97.6% e COST
 
* WEIGHTS PANEL AND GAS 
 - 16.5 
 0 WEIGHT 
POWER PENALTY - 2.0

18.5 LB.

* VEHICLE INTERFACE : GAS-TO--LIQ. HX 
FIGURE 7


GAS RADIATOR CONCEPT


PROPOSAL BASELINE


~~9. 5"­

310 FT 2 RADIATOR


PANEL AREA 
~32.5 t 
ALL FLOWPATHS AND


MANIFOLDS ARE FORMED 
BY HEAT SEALING 
10 2 5 ' . 
38 PARALLEL FLOWPATHS 
___ 
_"___ __---­
______ 
, 5 PASSES EACH, 9.5' LONG 
4" DIA. MANIFOLDS


1 (INLET & RETURN) 
IN RETURN


FIGURE 8 TYPICAL GAS RADIATOR MANIFOLDING


-RETRACT
B. STEM DEPLOY 
 
A. 	 FLUID PRESSURE DEPLOY -i 
WIRE SPRING RETRACE 
800 	 IN3 PACKAGED VOLUME


OF RADIATOR PANEL


C. FLUID PRESSURE DEPLOY, NON-RETRACTABLE


FIGURE 9 TYPICAL GAS RADIATOR DEPLOYMENT CONCEPTS


FEP TEFLON = 002 THICK


075 DIA 
 40 X 67 SILVERFLOW PASSAGE - MESH - 002 DIA 

TYP 
 WIRES 
TWO-SIDED RADIATOR DESIGN (OPTIMIZED) FEATURES


" TRANSPORT FLUID 
 : E-2 @ 10 psia, 899 pph INCREASED FLEXIBILITY OVER

* RADIATOR PANEL AREA : 172 FT2 
 FREON 21 VERSION


" TUBE SPACING : 1 IN. 
 SIZE


" PROJECTED TUBING AREA : 7,9% 
 TUNING VULNERABLE AREA


* FLOWPATH 
 : 13 TUBE PASSES, 39" LONG EACH INTEGRAL FLOW PASSAGE


" WEIGHTS : PANEL + FLUID 
 
- 14,0 COMPATIBLE WITH F-2i VERSION 
POWER PENALTY - 14-.5 DEPLOYMENT CONCEPTS: POSSIBLY 
28.5 LB GAS RADIATOR CONCEPTS
* VEHICLE INTERFACE LIQ.-TO-LIQ. HX REDUCED STOWAGE VOLUME OVER


F-21 VERSION


FIGURE 10


FREON E-2/WIRE MESH CONCEPT


SECOND PROPOSAL ALTERNATE LIQUID RADIATOR


pattern of fins and tubes by step-sealing over the surface repetitively. 
This method allows more flexibility in design and fabrication than the
 

hot roll, continuous laminating mill. The configured impulse sealer is


again used to form headers and manifolds.


As shown in Figure 11, the IRS, based on Freon 21 transport fluid, 
requires a lined fluid flow passage to contain the higher pressure of this 
fluid. Tubes of several of the polymer candidates outlined in Table 
were considered. Polyimide composite tubes, consisting of polyimide film 
laminated between FEP film, are desirable from the strength and chemical 
compatibility standpoint. Wall thicknesses in the 0.0003" - 0.005" range 
are adequate to contain the high pressure refrigerant. The stiffness of 
these polyimide composite tubes presents a design problem in an inflatable, 
deployable system. Since the tubes would collapse and kink during rolling 
for deployment. Storage in the collapsed and kinked condition would quite 
possibly result in deterioration at these highly stressed areas. The poly­
imide tubing is limited to 3' lengths at present technology levels, a 
serious disadvantage. 
A viable alternative is FEP tubing with wall thicknesses in the 
0.009" - 0.016" range. It presents favorable optical properties and can 
be coiled into efficient, packed shapes during storage. It has the added 
advantage that connections to gas transfer passages, headers, and manifolds 
could be made by heat shrinking the FEP tubing onto these connectors. The 
burst strength of FEP tubing with 0.062" I.D. and 0.016" wall thickness is 
typically 500 psi at ambient temperature (Reference 17). Long lenghts are 
routinely available for serpentining through a deployable radiator. Heat 
seals with impulse equipment would be possible immediately adjacent to


either side of the plastic tubing, or a continuous nill for encapsulating


the FEP tubes in the FEP film/silver mesh laminate as it is formed could


be developed with grooved, heated rolls. The grooves would accommodate 
the FEP tubes without crushing or flattening, while allowing the laminate 
bond to be made through the silver mesh. Typical manifolding and deployment 
concepts for the Freon 21 wire mesh radiator are shown in Figures 12 and 13. 
Laminated plastic film concepts are shown in Figures 14 and 15. 
The tube spacing is reduced so that wire mesh is not required. This reduces 
43 
FEP TEFLON = 002 THICK 
40 X 67 SILVER 
MESH - 0023 DIA066 I D. FEP TEFLON WIRES


TUBES- 009 WALL


THICKNESS


TWO-SIDED RADIATOR DESIGN (OPTIMIZED) 	 FEATURES


* TRANSPORT FLUID : F-21 @165 psia, 860 pph 	 SIZE 
* RADIATOR PANEL AREA : 172 	 FT4	 TUBING VULNERABLE AREA 
* TUBE SPACING : 1 IN. 	 DIRECT ORBITER TIE-IN 
* PROJECTED TUBING AREA : 8.4% 	 COMPATIBILITY


* SILVER WIRE MESH : 5% FIN CONDUCTION AREA HEAT SEAL FEP THROUGH 
23% PROJECTED RADIATING AREA WIRE MESH 
* 	 WEIGHTS PANEL + FLUID - 17.0


POWER PENALTY - 9.5


26.5 LB. 
* VEHICLE INTERFACE LIQ.-TO-LIQ. HX


OR DIRECT TIE-IN


FIGURE-11


FREON 21/WIRE MESH CONCEPT


PROPOSAL ALTERNATE LIQUID RADIATOR
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FIGURE 12


TYPICAL FREON 21/WIRE MESH RADIATOR


MANIFOLDING AND DEPLOYMENT

 A. FLUID pRESSURE DEPLOY "-

WIRE SPRING RETRACT


3000 IN3 PACKAGED'


VOLUME OF PANEL
70 FLOWPATHS , 
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I I40 "', 
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AS DEPLOYMENT


SPRING


HARD		 IRETURN 
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MANIFOLD


SPACING
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MANIFOLDI


FEATURES 	
 TYPICAL FREON 21/WIRE MESH DESIGN


.	 AREA 344 FT 2 " ACCOMMODATES STIFF FIN/TUBE : 
 
CONCEPTS 
 . LENGTH : 33 FT


" SIMPLE DEPLOYMENT * TUBE SPACING : 1.4 IN.


" CAN BE RETRACTED MANIFOLD SPACING : 19 IN.


* RIGIDITY * PROJECTED TUBING AREA : 6%


FLOWPATH 13 TUBE PASSES,


39" LONG EACH


WEIGHTS 	 PANEL + FLUID - 29
 

POWER PENALTY - 14


TTLB. 
FIGURE 13 ONE-SIDED RADIATOR HARD MANIFOLD CONCEPT


AEROTHERM FLEXITHERM SUGGESTED BY NASA-JSC


HEAT


SEALED /


LAYERS -- /


,_____URETHANE


IMPREGNATED NYLON 8 OZ./YD2


1/8" DIA. FLOW PASSAGES


AEROTHERM PROPERTY ESTIMATES:

~HEAT 
= 0.4 (DEGRADED) SEALs 
 
a = 0.8


RESULT EQUIVALENT SINK TEMP. 850 F-0.2


WILL NOT MEET DESIGN CONDITIONS


ESTIMATED BEST PROPERTIES
 

as 0.25 (UNDEGRADED) o MARGINAL AT BEST


c 0.85 >o LARGE


RESULT : EQUIVALENT SINK TEMP. = 350 F Jo VULNERABLE


TWO-SIDED RADIATOR PANEL AREA = 263 FT 2 o HEAVY


PROJECTED TUBING AREA = 62.5% o POTENTIAL FLUID INCOMPATIBILITY


WEIGHTS : PANEL + FLUID (E-2) - 65.9 '


POWER PENALTY - 50.0 '$ o ELIMINATE BASIC FLEXITHERM


115.9LB. o CONSIDER ALTERNATE MATERIALS


FIGURE 14 LAMINATED PLASTIC FILM CONCEPT


2-MIL FEP TEFLON,


FEP/TFLON/0.I OD. FLOW PASSAGES
FEP TEFLON 
'4'

HEAT SEALED / / 
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TYPICAL TWO-SIDED RADIATOR DESIGN 
 FEATURES


* TRANSPORT FLUID : E-2 @ 10 psia, 899 pph 
 SIMPLICITY


" RADIATOR PANEL AREA : 154 FT 2 
 FLEXIBILITY


* TUBE SPACING : 0.2 IN. 
 COST


* PROJECTED TUBING AREA : 50% 
 SIZE


* WEIGHTS 
 PANEL + FLUID - 57 DEPLOYMENT BY ANY 
POWER PENALTY - 25 OF PREVIOUS METHODS


82LB


* VEHICLE INTERFACE LIQ.-TO-LIQ. HX


FIGURE 15 ALTERNATE LAMINATED PLASTIC FILM CONCEPT


~~FEP TUBE--

THICK SILVERED (12,500 A)


/ 	 BOND 
YP 	 FREON 21 AT 165 PSIK-
FEATURES

TYPICAL TWO-SIDED RADIATOR DESIGN 
 
. FLEXIBILITY

TRANSPORT FLUID : FREON 21 @ 165 psia, 860 pph 
 
2 	 . EASE OF FABRICATION

RADIATOR PANEL AREA : 203 FT

STUBE SPACING :21 IN. .		 POTENTIAL BETTER WEIGHT THAN 
MOST WHEN OPTIMIZEDPROJECTED TUBING AREA : 8.4% 
 
. REMOVE ONE SIDE FOR 1-SIDEDTUBES :0.066" I.D. FEP, 0.009" WALL 
RADIATOR
FILM 2-MIL FEP TEFLON EACH SIDE r 
 
. DIRECT ORBITER TIE-IN12,500 A SILVER EACH 
 
COMPATIBILITY
WEIGHTS: 	 PANEL + FLUID 
 - 20
 
POWER PENALTY - 11


31 LB 
VEHICLE INTERFACE : LIQ.-TO-LIQ. HX


OR DIRECT TIE-IN 
ALL FREON 21/WIRE MESH CONCEPTS (EASIER)
DEPLOYMENT 	 : 
FIGURE 16 LAMINATED SILVERED TEFLON FILM CONCEPT


NEW CONCEPT


cost and simplifies the processes required to manufacture the radiators


but increases the weight of the panel. The surface properties of the


Aerotherm film are not well suited for this application and will degrade


to a point where the system will not meet the design requirements. The


alternate construction shown in Figure 15 has better surface properties


and lower weight than the Aerotherm material.


The laminated silver Teflon film concept, shown in Figure 16,


is similar in principle to the Freon 21 radiator of Figure 11. Conductance


is effected through two layers of silver metal which are vapor deposited


on 2-ril Teflon films. The transport tubes are positioned at optimum


spacing between the two films, and the assembly is bonded with a flexible


adhesive.


The final concept considered in the development/optimization


studies is shown in Figure 17. This system is unique because it retains


the capacity for full deployment and retraction with metal transport


tubing. The system is attractive because the deployment system is built


into the radiator panel and thick metal tubes capable of surviving long


periods in a micrometeoroid environment are used without penalty to the


deployment/retraction system.


Table V-A compares the system characteristics of the candidate
 

flexible radiator concepts.


3.3.2 Impact of Meteoroid Considerations


Calculations were made to determine the expected lifetime of the


candidate inflatable radiator systems in a micrometeoroid environment. The


near-earth meteoroid environment defined in NASA SP 8013, "Meteoroid En­

vironment Model - 1969 (Near Earth to Lunar Surface)", was referenced to


determine meteoroid flux. This model is groundruled for the Space Shuttle


program, and is still considered to be applicable based on SkylabI and


Meteoroid Technology Satellite2 observations.


Meteoroid protection requirements are given by applying the bal­

listic thickness equation


1 Telecon, H. L. Cox of Vought to . J. Naumann of NASA-MSFC, April 1975


Telecon, R. L. Co of Vought to D. H. fumes of NASA-LaC, April 1975
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TABLE V-A 
PRELIMINARY SCREENING OF IRS CONCEPTS 
RADIATOR SYSTEM 	 FREON 21/ FREON E2/ LAMINATED LAMINATED SILVER FREON 21 
(51 	 )CONSIDERATIONS GAS RADIATOR SILVER WIRE MESHIS SILVER WIRE MESH[ 5 1 TEFLON FILM 51 (61 TEFLON FILM' 5 ) 16) HARD TISE15 1 61 
1 2 2 	 202L8 154FT 31 LB 203 FT2 46LB 3441T2
* 	 THERMAL PERFORMANCE( ) 185 LE 310 FT 2651LB 172FT 285 La, 172 FT2 
" 	 OPERATING CONSTRAINTS NONE NONE NONE 	 NONE NONE NONE
 
* 	 DEGRADATION IN SPACE STABLE STABLE STABLE STABLE STABLE STABLE 
ENVIRONtiENT 
* 	 PRESSURE DROP/PUMPING POWER 2 LB PENALTY 10 LBPENALTY 14 LB PENALTY 2 LB PFNALTY 11 LB PENALTY 14 LB PEALTY 
REQUIREMENTS 
* 	 HEAT EXCHANGER REQUIREMENTS GAS TO LIQUID NONE OR LId TO LID LID TO LID LID TO LIO (E 2) NONE OR LIQ TO LID NONE OR LIO TO LIQ 
* 	 LOW OUTGASSING GOOD GOOD GOOD GOOD GOOD GOOD 
(21 
o 	 MICROMETEOROID SUSCEPTIBILITY WORST AMONG BEST INTERMEDIATE AMONG WORST AMONG BEST BEST 
RAD A'OR DESIGN & FABRICATION 
CO% IDE RATIONS 
*TATE OF THE ART 	 AMONG BEST WORST AMONG WORST AMONG BEST GOOD FAIR 
* 	 STRUCTURAL INTEGRITY GOOD (15 PSI MAX) GOOD (165 PSI) FAIR (10 PSI) GOOD 110 PSI) GOOD (t65 PSI) BEST 1165 PSI) 
* 	 MANIFOLOING 	 SIMPLE FAIRLY SIMPLE FAIRLY SIMPLE SIMPLE FAIRLY SIMPLE SIMPLE 
* 	 FLUID COMPATIBILITY EXCELLENT EXCELLENT OK TEFLON OK TEFLON (E 2) EXCELLENT EXCELLENT 
0 	 FAILURE MODES 	 EXCELLENT GOOD GOOD EXCELLENT FAIR TO GOOD GOOD 
* 	 COST 	 LOW HIGHEST HIGH LOW MEDIUM TO HIGH HIGH 
PACKAGING AND DEPLOYMENT 
CONSIDE RATIONS 
* 	 RADIATOR FLEXIBILITY AMONG BEST AMONG WORST FAIR AMONG BEST FAIR AMONG WhORST 
" PACKAGED VOLUME OF RADIATOR 31  APPROX 800 IN3 APPROX 3000 IN3 APPROX 1500 INS APPROX 400 IN3 APPROX 3000 IN3 APPROK 5500 IN 3 EXCEEDS 
CANISTER LENGTH 
" PACKAGED VOLUME OF OTHER Ok (WORST) OK OK OK OK OK 
COMPONENTS


" 	 DEPLOYED DYNAMIC STABILITY1 3 ? GOOD AMONG WORST AMONG WORST AMONG WORST AMONG WORST BEST 
* 	 DEPLOYMENT MECHANISM AMONG BEST WORST INTERMEDIATE AMONG BEST INTERMEDIATE AMONG BEST 
COMPLEXITyl 3 
* 	 RETRACTION CAPABILITY GOOD FAIR FAIR GOOD GOOD FAIR GOOD 
* 	 PACKAGED WEIGHT OF SYSTEM VERY LOW LOW LOW HIGH LOW MEDIUM LOW 
* 	 INTERFERENCE WITH EXPERIMENTS HIGH LOW LOW LEAST INTERMEDIATE HIGH 
& SPACECRAFT RADIATORS/SYSTEMS 

DRAG17  
* 	 VEHICLE 	 029 LB O 17 LB 0 17 LB 0 15 LB 020 LB 0II LB 
* 	 ENVIRONMCNTAL HEAT FLUX - - -
RELATIVE TO THAT ON SPACE(4 )CRAFT RADIATORS 
NOTES


(1) 	 ALL CONCEPTS SHOWN MEET THERMAL PERFORMANCE REOT'S,THUS EVALUATION IS IN TERMSOF WEIGHT AND AREA WEIGHT INCLUDESTUBE FLUID FINS


AND PUMP POWER PENALTY


(2) REQUI RES MORE DETAILED STUDY AT NEXT LEVEL, COULD DISQUALIFY SOME CONCEPTS


13 BASED PRIMARILY ON TIOE/FIN CONSIDERATIONS AT THIS LEVhL OF SCREENING


(4 OPEN AT THIS LEVEL OF SCREENING, ASSEVERAL OPTIONS ARE AVAILABLE WITH EACH CONCEPT


(EI ALL CONCEPTS ARE 2 SIDED EXCEPT HARD TUBE


(6) NOT OPTIMIZED
 

17) AT 100 NMI ALTITUDE


it FIGURE 17 HARD TUBE CONCEPT 
L -t IA~ TYPiCAL DESIGN 
i 
' I t1ATE?£IALP-LE X fLE FIJ 
LA I1)ATE , BcMDEr To T"uES 
U, FEP TEFLO. 
SECT)Ok) OF o JETru5 LOOP - ""'7FZ MES1


LEI4TR OF LOOP 44- FT" 40x "16"7NA,oo-L WIReS 
TYPICAL ONE-SIDED RADIATOR DESIGN FEATURES


FREON 21, TRANSPORT FLUID, 860 pph HARD TUBES (AL OR STEEL) DEPLOY


BY SPRING FORCE
344 FT2 RADIATING AREA 
 
1.4 IN. TUBE SPACING POTENTIAL LOW METEOROID 

ALUMINUM TUBES, .084" O.D., .009" WALL VULUNERABILITY 
PROJECTED TUBE AREA : 11.9% RETRACTABILITY 
WEIGHTS PANEL & FLUID - 29 / DIRECT ORBITER TIE-IN COMPATIBILITY 
POWER PENALTY - 17 CAN USE SILVERED TEFLON FILM


46 LB FINS


VEHICLE INTERFACE : LIQ,-TO-LIQ. HX


OR DIRECT TIE-IN


6m352V .875
t = Klpl/ 

where t is the thickness for threshold penetration of a plate (cm)


K1 is a material constant


p is the meteoroid density (0.5 gm/cm
3 )
 
m is the meteoroid mass (gin)


v is the normal impact velocity of the meteoroid (20 Km/sec)


along with the meteoroid flux curves of SP 8013 and the following survival


probability equation: 
= e-NAT
P 
where P is the probability of no penetrations


N is the number of particles per unit time and area (from SP 8013) 
A is the total vulnerable area


T is the mission time


While the ballistic equation was established for thin ductile metal plates


it was determined by consulation with seven leading authorities in the 
field that it is the best available means of estimating meteoroid behavior


of plastics. Similarly, the material constant for plastics is estimated


to be proportional to the square root of density.


Table 6 summarizes the impact of meteoroid considerations on the


designs of the candidate inflatable radiator systems discussed above. The


table shows that micrometeoroad environments prohibit the use of gas


radiators, and impact the flexibility and weight of the other systems.


Studies documented in Reference (2) showed that meteoroid considerations


force the optimum tube diameters to small values of about 0.04" to 0.05" I.D.
 

and tube wall thickness in the 0.030" - 0.040" range. Weight is not im­

pacted drastically compared to non-optimized weights without meteoroid


protection. The weight increase for the hard tube concept is approximately


1.5 lb. and the increase for the two-sided silvered Teflon concept is


about 3.0 lb.


3.3.3 Selection of Concepts for Design Studies


A concepts briefing was held at NASA/JSC on 20 November 1973, at


which time agreement was obtained to pursue the following two concepts
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TABLE 6 IMPACT OF METEOROID CONSIDERATIONS 
CONCEPT( 1), (2) 
GAS RADIATOR 
90% 
PROBABILITY 
LIFETIME( 3 ) 
4 MINUTES 
TUBE WALL THICKNESSES REQUIRED 
30-DAY, 90% 30 DAY, 99% 5 DAY, 90% 
0 084" 0 153" 0 052" 
5-DAY,99% 
0096" 
CONCLUSION 
ELIMINATES 
CONCEPT 
FREON 21/SILVER 
WIR MESH 
3 HOURS 0 037" 0 069" 0 024" 0 043" IMPACTS 
FLEXIBILITY AND 
WEIGHT, CONCEPT 
SU RVIVES WITH 
DOUBTS 
FREON E 2/SILVER 
WIRE MESH 
1%/HOURS 0 036" 0 068" 0 023" 0042" ELIMINATES 
CONCEPT 
LAMINATED SILVER 
TEFLON FILM 
2'/ HOURS 0039" 0 072" 0 025" 0 045" IMPACTS 
FLEXIBILITY 
AND WEIGHT, 
CONCEPT SURVIVES 
FREON 21/ALUMINUM 
HARD TUBE 
31/2HOURS 0038" 0067" 0023" 0042" PROVIDES WEIGHT 
IMPACT ONLY 
NOTES 
(1) ALL ARE 2 SIDED RADIATORS EXCEPT HARD TUBE 
(2) ALL ARE TEFLON TUBES EXCEPT ALUMINUM HARD TUBE 
(3) REFERS TO BASIC DESIGNS NOT CONSIDERING METEOROID REQUIREMENTS 
throughout the remainder of the design studies.


(a) 	 Cylindrical hard tube concept with a silver


wire mesh/Teflon laminate fin material


(b) 	 A roll-up soft tube concept with an evaporated


thick silver/Teflon film fin material 
Figures 17-A and 17-B list the advantages of the two concepts that led to 
their being selected for further development. The fin material for the 
two concepts are interchangeable and were not considered to be a fixed


part of the designs. Also the tubing and fluids materials may be modi­

fied or changed as a result of additional studies and tests.


3.3.4 	 Design Studies


Analytical trades, system level studies, and numerous element


tests were conducted for the two selected concepts. The design studies


included analyses to study the effect of changing the thickness of the


thick silver-Teflon film concept, consideration of steel tubes for the


hard tube concept, tests of Spraylon coated silver wire mesh elements,


flowpath optimization, manifolding/deployment/configuration/packaging


studies, determination of effects of atmospheric drag and acceleration


loads, materials evaluation studies, and element tests to establish fab­

rication techniques and thermal performance. A detailed account of the


design studies is given in Reference (3). The more important aspects
 

are summarized below.


3.3.4.1 	 Element Tests


Tube-Fin Bonding Tests:


During December 1973 element tests were conducted on specimens 
which simulated the wire mesh fin material to evaluate tube-fin bonding 
techniques. Materials on hand were used to permit tests at this time in


order to gain early information on potential problems. Test elements


were made to simulate the baseline fin material of a silver wire mesh/FEP


Teflon film laminate and an alternate fin laminate. The most significant
 

results obtained were:


(1) 	 A satisfactory bond between the FEP Teflon fin surface and 
the metal tubing can be obtained using 6962 glue strips. 
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FIGURE 17-A 
ADVANTAGES OF THE HARD TUBE CONCEPT


1. 	 EXCELLENT PERFORMANCE : 
30-DAY DESIGN (ONE-SIDED)


, 284 BTU/HR-LB
* 41 BTU/HR-FT 

* 326 FT 2 RADIATING AREA, 47.5 LB 
0.05" I.D. ALUMINUM TUBING, 0.033" TUBE WALL, 1.43" 
SPACING 
FEP TEFLON FILM/SILVER WIRE MESH LAMINATE 
FIN, 0.004" TOTAL THICKNESS 
WORK TO DATE INDICATES FEASIBLE TO FABRICATE

2. 	
 
POTENTIAL FOR EXTENDED MISSION DURATIONREDUNDANT 
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3. 
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(CYLINDRICAL SPRING 
 
4. 
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PENALTY)


INHERENT RIGIDITY OF CYLINDRICAL 
SPRING CONCEPT


5. 
 
BASELINE SILVER WIRE MESH/FEP TEFLON 
HEAT SEALED LAMINATE FIN


6. 
 
OFFER PRACTICALFILM FINS IF FOUND TO WITH SILVERED TEFLON7. 	 COMPATIBLE 
ADVANTAGE OR IF OPTIMIZES BETTER


1. 	 EXCELLENT PERFORMANCE


5-DAY DESIGN (2-SIDED)


* 38 BTU/HR-FT 2 (PANEL AREA), 430 BTU/HR-LB


* 345 FT 2 PANEL AREA, 30 LB


* 0.05" ID TEFLON TUBING, 0.023" TUBE WALL 1.43" SPACING


* 0.002" TOTAL FIN THICKNESS


2. 	 WORK TO DATE INDICATES FEASIBLE TO FABRICATE AND MORE FLEXIBLE


THAN 2-SIDED SILVER MESH/TEFLON LAMINATE CONCEPTS


3. 	 POTENTIAL FOR DIRECT TIE-IN WITH ORBITER FREON LOOP, REDUNDANT


FLUID LOOPS.
 

4. 	 POTENTIAL FOR SIMPLE ROLL-UP DEPLOY AND RETRACT


5. 	 IDEAL FOR INTERMITTENT OR SHORT USE MISSIONS WHERE RETRACT


CAPABILITY IS DESIRED


6. 	 RECOMMEND 5-DAY BASELINE FOR THIS CONCEPT


FIGURE 17-B


ADVANTAGES OF THE SILVERED TEFLON FILM CONCEPT


(2) 	 An alternate fin layup with silver-backed FEP Teflon


film bonded to silver wire mesh, both bonded to the


metal tubing, can be satisfactorily fabricated using
 

either 6962 glue strips or SR585. The SR585 provides


a much more flexible end product.
 

(3) Heat shrinkable Teflon tubing collapses during heat 
cure when bonded in similar layups as above. 
In these tests a 100 x 100 weave nickel wire mesh with 2-mil wire was used 
to simulate the silver wire mesh. The resulting elements were quite stiff. 
The 40 x 67 weave silver wire mesh will exhibit much better 
flexibility due to both its lower weave density (40 per inch in 
bending crossection vs 100) and its lower modulus of elasticity (10.3 x 
106 psi vs 30 x 106 psi). Calculations predict that the silver wire mesh 
would be 7 times as flexible. Also, the wire mesh test laminates ranged 
in thickness from 7 to 12 mils, as compared to the projected baseline 
layup thickness of 4 to 6 mils. Since stiffness varies as the cube of 
thickness this is also significant. 
Precursor Thermal Vacuum Tests. 
During March 1973 an opportunity arose to conduct an inexpensive 
thermal vacuum test using a test article fabricated from sample materials 
on an IR&D program, and using a test set-up which had been put together 
for another program. Although the test setup was not optimum for inflatable 
radiator heat transfer tests it was decided that a simple thermal vacuum 
test would still be worthwhile to obtain early data to verify fin and tube 
wall delta-T calculations. 
The test article consisted of a 5" x 8" panel section with a single 
serpentine FEP Teflon tube (0.062" 0.D. x 0.030" wall) flowpath. The panel 
was fabricated from 2 sheets of 5 rmil FEP Teflon, each coated with 14,000 
angstroms of silver (determined by electron photomicrograph - see June 1974 
status briefing for pictures). The flowpath was sandwiched between the 
two sheets of silvered Teflon. The test element was mounted in a 24" dia. 
LN2 shroud, evacuated, and supplied with heated Freon 21 as the transport 
fluid. Test article instrumentation consisted of 2 tube temperatures, 
2 fin midpoint temperatures, and fluid inlet and outlet temperatures.
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Facility instrumentation included fluid supply and return temperatures

and pressures, flowrate, test vacuum, and LN2 shroud coldwall tempera­
tures. Tests were nun at 1330F and 1560F fluid inlet temperatures, both 
at a 180 pph flowrate. Comparison of predicted and measured performance 
showed reasonably good agreement, with the test element performance slightly 
better than predicted. Comparison results at the 1560F inlet temperature 

are


CALCULATED* MEASURED* 
Fin Midpoint Temp. 20F & 18F 160F & 190F 
Tube Wall Plus Fluid AT 31OF & 300F 2T0F & 330F 
Total Heat Rejection 58 BTU/hr 21 BTU/hr - 62 BTU/hr 
Pressure Drop 61 psi 50 psi 
The test successfully demonstrated the validity of the thick silver film 
concept and established acceptable accuracy of the analytical model. The 
large test value of tube wall delta-T resulted from two circumstances 
unique to the test - the thick wall (0.30" vs 0.016" for the baseline de­
sign), and the severe combination of average fluid temperature/environment 
temperature (156 0F/-3100 F vs 65 0 F/0F at the design point). The baseline 
design wall delta-T calculated at the design point using the same model


is only 2.50F.


Spraylon Tests,


A recent publication by Lockheed (1 ) described a new spray-on FEP 
Teflon formulation which was as good as or superior to FEP Teflon film in 
optical properties and space environment stability. It offered ease of 
(l)L. A. Haslim, et.al., "A Highly Stable Clear Fluorocarbon Coating


for Thermal Control Applications", AIAA Paper 74-117, presented 
at the 12th Aerospace Sciences Meeting, January 30 - Feb. 1, 1974.


* 
The dual values are at each of the two instrumentation locations,


and reflect small differences in tube spacing.
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application by spray, dip, or brush and requires only a low temperature 
cure. A purchase order was entered with Lockheed (P.O. #P-837895-AER) 
in May 1974 to coat 2 square feet of silver wire mesh material with 
Spraylon: The Spraylon would be used as an alternate to the sandwich 
of heat sealed FEP Teflon films on the wire mesh, and should insure inti­
mate thermal contact between the Teflon and the wires as well as provide


a potentially more producible design. Initial silver wire mesh material 
was delivered during a trip by R. L. Cox to Lockheed on 2 May. Small 
coupons were coated at that time. The coating on these coupons was very


thin (estimated at 0.2 to 0.4 nil) and the composite had good flexibility. 
Emittance was measured to be 0.37 with a Gier-Dunkle DB-1O0 emissometer. 
Subsequent scanning electron photomicrographs (see June 1974 Status Briefing 
for examples) showed good intimate contact at the wire-Teflon interface

and also at a Teflon-wire-stainless steel tube interface provided by 
weaving a section of tubing into the wire mesh. 
Problems have been encountered in coating the 2 sq.ft. of wire 
mesh to the desired 1-3 mil thicknesses. Only about 1/2 nil of Spraylon 
was obtained. In addition, the specimens were damaged in shipment to 
Vought; thus a second 2 sq.ft. of silver wire mesh was sent to Lockheed 

on 31 May. The second set was coated and returned to Vought-on 1 July. 
These specimens exhibited considerable wrinkling and were coated to only 
about 1/2 mil. Multiple coats have been unsuccessful due to solvent 
attack of the first coat. 
Thick Silver Film Elements:


Nine small elements of thick silver coated FEP Teflon were fabri­

cated. Each element was about " x 3" square and consisted of two identical 
layers of thick silvered Teflon film and sprayed-on SE585 silicone adhesive.


The test elements were fabricated from 2-1/2 sq.ft. sections of 9 special 
thick silvered Teflon films ordered from G. T. Scheldahl Co. in nominal 
guages of 1-nil, 2-nil and 5-mil FEP Teflon, each metallized with 6000,


12,500 and 25,000 angstroms of evaporated silver. The tests demonstrated


feasibility of spray application of SR585. Fabrication was somewhat dif­
ficult with the 1-ril film. Flexibility was essentially independent of 
silver thickness and was good on the 1-nil and 2-mil films laminates; the 
5-nil film laminate was undesirably stiff. Mechanical integrity of the


laminates, after boiling water/LN2 shock, was good in all cases except the
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5-mnil Teflon/25,000 angstrom silver laminate, in which case slight de­
lamination occurred. It is questionable that this element would have
 

fai ed under more realistic environmental exposure conditions. 
Gas Manifold Meteoroid Bumper Test: 
Analysis 	 of meteoroid protection requirements for the gas deploy­

ment manifold of the soft tube concept indicated 23 layers of 1/2-mil 
Teflon bumper wrapping will be required (for the baseline 1.7 day protec­
tion). Because of concern that the multilayers would make it difficult


to roll up the manifold in the longitudinal direction, a simple test was


run using materials on hand. Forty-six layers of 1/4-mil Mylar were


wrapped 	 into a 2-inch diameter tubular shape (simulating the 23 layers of 
1/2-nail Teflon). The resulting layup was flexible and easy to roll, in­
dicating 	 that significantly more bumper protection could be added before 
seriously inhibiting the flexible radiator panel stiffness. This would 
make it 	 feasible to significantly extend the protected lifetime. Since


Mylar has a tensile modulus about 8 times that of FEP Teflon, the test 
simulation was estimated to be conservative by a factor of 2.


3.3.4.2 	 Concept Trade Studies 
During the December-January 1974 time frame preliminary analyti­
cal trade studies were conducted to evaluate the effect of the evaporated
 

silver thickness on the soft tube thick silver film concept. Subsequent 
trades were performed on both the soft tube and hard tube concepts in 
the May-June 1974 time period to support the configuration selection for 
the preliminary design and to refine and update earlier studies. 
Silver Thickness Trades:


Silver film thickness of 6,250 angstroms and 25,000 angstroms


were analyzed to complement the studies previously done at 12,500 angstroms.


In all cases Teflon film thicknesses of 0.0005, 0.001 and 0.002 inches were


analyzed. The model consisted of two thick-silver-backed Teflon films
 

sandwiching FEP Teflon tubing of variable diameter and spacing. A glue 
layer of 	 0.0005 inch thickness was assumed. Tube wall thickness was


determined to provide a 90% probability of a 30-day lifetime in the 
6o
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meteoroid environment. Area and weight were computed as a function of 
tube diameter and spacing. Calculated weights included tube, fluid and 
fin weights plus a pump power penalty based on 100% pump-motor efficiency.


Results show that minimum weight occurs for tube spacing in the 
1 to 1-1/2 inch range and for tube inside diameters in the 0.04 to 0.05


inch range. Minimum weight was found to occur at the 25,000 angstrom 
silver thickness and 0.002 ml (each side) Teflon film thickness. The 
effect of Teflon film thickness is to minimize weight in the 0.001 to 
0.002 inch single-film range. Area is independent of tube diameter, but


decreases uniformly with decreasing tube spacing in all cases, with the 
effect being more pronounced at the thinner silver thicknesses. Area


decreases with increasing silver and Teflon film thicknesses.


It was concluded from these studies that silver and Teflon film


thicknesses in the range of these analyses are near the practical optimum 
and should be evaluated experimentally to determine fabricability, flexi­
bility, and mechanical integrity. This led to the previously described 
element tests, as well as setting the range of variables for final con­

figuration studies.


Soft Tube Concept Configuration Trades


The analysis carried out above was revised to alleviate meteoroid


protection requirements (per NASA direction) and to refine studies to in­

clude estimated actual pump-motor efficiencies. Tube wall guage was 
determined as that required to retain fluid vapor pressure at the maximum 
system temperature of 200'F, using a design ultimate pressure of 4 x 
Maximum Expected Operating Pressure (MEOP). For Freon 21 and MEOP is 
165 psi. From a correlation of data on existing space-qualified type pumps, 
and pump design conditions of 1.3 gpm and 12 psi delta-P, it was found the 
requirements fall between the vane and centrifugal pump ranges. Each type 
is poor in this range, but competitive with the other in efficiency. A


canned AC motor centrifugal pump was chosen as typical, with a 13% overall 
pump-motor efficiency.


From these results a baseline design using 2-mil Teflon films 
with 12,500 angstroms silver on each film, 1-inch tube spacing, and
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AWG #14 PEP Teflon tubing (0.069" I.D. x 0.016" vall) was chosen as the 
best compromise between optimum weight, minimum area, fabricability, ex­
pected flexibility, and expected mechanical integrity. The 0.016" tube 
wall guage provides 90% probability of meteoroid survival for 1.7 days, 
a 0.037" wall is required for 30-day protection. The previously described 
thick silver film laminate element tests and upcoming thermal vacuum 
element tests are designed to finalize the selection of film thickness 
and tube dimensions. 
Flowpath arrangement trades were conducted on the two basically 
different configurations illustrated in Figure 18. In the "A" configuration 
the parallel flowpaths are arranged into serpentine sections with a feed 
manifold on one side and a return on the other. In the "B" configuration 
the parallel flovpaths are arranged into single flow loops, each fed from 
and returning into common manifolds at the base. Two basic arrangements were 
considered with each flowpath configuration - single panels and multiple 
panels. In the single-panel arrangement panel widths of 40" to 120" were 
allowed, while multiple panel widths of 40" to 60" 'wereconsidered. In each


case the previous panel tube diameter and spacing trades were extended to


include manifold tube and fluid weights and pumping power penalty. Optimized


results for single-panel and three-panel arrangements are given in Table 7. 
Two-panel arrangements are intermediate. 
From the table it can be seen that the single-panel arrangement 
is not attractive in either configuration A or B for the narrow panels. 
In configuration A the manifold weight penalty is excessive. Also, the 3/8" 
ID, 0.083" wall, FEP Teflon manifold tubing presents an impractical stiffness 
level. In configuration B the weight is high due to a greatly increased


pumping penalty for the long tubing run. The increased tube diameter of


0.087" ID with 0.019" wall, required to alleviate this condition, also in­
hibits flexibility. The wide panel arrangement offers considerable improve­
ment, although configuration A still has a high manifold weight penalty and 
stiffness. Configuration B now looks practical, although the 120" width 
may be undesirable.


The three-panel arrangements are basically the wide single-panel 
arrangements, sliced into three individual panels and modified to accommodate
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A, SIDE MANIFOLDS, SERPENTINE TUBES


B. BASE MANIFOLD, LONGITUDINAL TUBES


It


FIGURE 18 FLOWPATH AND MANIFOLD CONFIGURATIONS
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TABLE 7 
SOFT TUBE RADIATOR CONFIGURATION TRADE STUDIES 
OPTIMIZED SINGLE-PAVEL CONFIGURATIONS 
A A B B 
narrow wide narrow wide


Panel Length 65' 25' 55.2' 22.8' 
Panel Width 42" 109" 40" 120" 
Panel Area 228 ft2 228 ft2 184 ft2 228 ft2 
1" 1" 1/2" " Tube Spacing 
Tube I.D. 065" .065" .087" .065" 
Tube Wall Guage .01" .014" 019" .014" 
Manifold I D. .375" .3125" .472"AI. .472"AI 
Manifold Wall Guage .083" .069" .ol4"Al. .01 4"Al 
Manifold t. Penalty 51.5# 29.8# .9# 2.7#


Total Rad. Panel Wt.** 101.7# 8o o# 88.2# 52.9#


OPTIMIZED THREE-PANEL CONFIGURATIONS 
A 	 B 
Panel Length 	 21.7' 22.8'


42" 40"
Panel Width 
 
76 ft2

Panel Area 
 76 ft
2 

Tube Spacing i" 1"


Tube I.D. .065" .065"


Tube Wall Guage o.014"


Manifold I D. .25" .472"Al.


Manifold Wall Guage .055" 0l4"Al.


Total Manifold Wt. Penalty (3 panels) 20# 2.7#


Total Rad. Panel Wt. (3 panels)** 70.2# 52 9#


2-mil FEP Teflon films with 12,500 angstroms silver, two-sided


I*ncludes fin material, radiator panel and manifold tubing and


Freon 21, and pump power penalty at 2.3 	lb/psi.
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physical constraints of the flowpath routing. Manifolding is re-optimized.


Configuration A is again improved, but still retains the disadvantages of


a high manifold penalty and stiff manifold tubing. Type A configurations


are also expected to display increased fabrication problems, especially in


the area of the tube-manifold junctions. Thus configuration B was selected.


Further consideration was given to single vs multiple panels. The advantage


of multiple panels is a more desirable width (for packaging), modularity


(for greater flexibility in applications over a wide range of heat loads
 

and for potential reliability improvement by panel isolation at failure),


and ease of fabrication. The disadvantage is the likelihood of greater


environmental heating due to radiant interchange. Three panels were selected


for the soft tube concept baseline.


Hard Tube Concept Configuration Trades:


The silver wire mesh analysis for the hard tube concept, summarized


in the November 1973 Concepts Briefing, was extended to inclu4e a 13% pump­

motor efficiency and to add configurational considerations. Because of the


inherent tubing stiffness desired in the hard tube concept for spring action,


the metal tube wall guage was sized for 30-day meteoroid protection (at 90%


survival probability) at no expected additional penalty. To limit studies


to a reasonable scope, only a single cylinder diameter of about 40" was


analyzed and only a single tubing "spring helix" angle of 200 was studied.


Variables in the trades were tube diameter, spacing and material (aluminum


vs steell, flovpath arrangement (all-parallel with a long return manifold


vs each tube forming a complete flow loop), and Teflon thickness on the


silver wire mesh fin material. Figure 19 illustrates the two arrangements 
analyzed. Reference (3)presents analysis conditions and selected results from 
the parametric analyses, which include tube, fluid and fin weights plus the 
pumping power penalty. Trades at the parametric level did not include mani­
fold weight penalties. 
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FIGURE 19 HARD TUBE CONCEPT FLOWPATH CONFIGURATIONS
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A Teflon thickness of 4 mils was selected for the fin material,


and a tube spacing of 1-1/2 inches was selected for the baseline. This


spacing provides the minimum weight design and suffers only about a 10% area


penalty compared to a 1-inch spacing. It is expected to be easier to fab­

ricate and will package into about 20% less volume than the 1-inch spacing.


The corresponding optimum tube ID was found to be 0.10B" for one-way flow


and 0.130" for a two-way loop.


Comparison of aluminum and steel tubing was made for equal
 

meteoroid protection. Aluminum was found to offer a significant weight


advantage (85 lb for the two-way flow loop). Stress analysis indicated


acceptable spring stress levels will exist in either material and that


usable spring forces can be obtained. Since no significantly different


manufacturing problems were identified, aluminum was selected for the


baseline.


Manifold penalties were added to the results of the parametric


trades in order to make the selection between one-way flow and a two-way


loop. In one-way flow this penalty is much larger because-of the long re­

turn manifold. The return loop was optimized for the one-way flow arrange­
ment and found to impress a penalty of 43 lb, including tube weight, fluid 
weight, and pumping power penalty for the 2-mul Teflon fun configuration. 
Since the return loop is arranged in a spiral spring configuration, it


likewise experiences stresses due to spring compression. This stress (about


12,000 psi shear stress in aluminum) limits the manifold to 0.375"0.D.


Three return manifold tubes were found to provide the minimum weight subject


to this constraint. Adding the 43 lb return loop penalty to the one-way


flow arrangement increases its weight to within 31 lbs of the two-way loop.


The choice between the flow arrangements reduces itself to a trade between


the weight advantage of the one-way arrangement and the greater fabrication


simplicity of the two-way configuration. A baseline selection of one-way


flow was made on the latter consideration.


67


3.3.5 Preliminary Design 
3.3.5.1 Deployment System 
As groundruled at the 13 
flight article preliminary design 
September 1973 
studies defined a 
Orientation B 
deployment 
riefing, the 
system and 
established a feasible concept for retraction. (Feasibility demonstration


tests, however, are only required to prove the deployment aspect.) Accord­

ingly, studies supporting the flight article preliminary design considered
 

both deployment and retraction.


Three concepts to "roll-out" the soft tube concept were evaluated. 
The first concept used Freon 21 fluid pressure. The second supplemented this 
by the addition of a larger diameter tube inflated by a gas pressurant. The 
third mechanically unrolled the panel using a Storable Tubular Extension 
Member (STEM). It was found that a 165 psi Freon 21 fluid pressure exerts an 
unrolling moment of only about 1 inch/lb, compared to 30 inch/lbs needed, 
thus the first concept is inadequate. Addition of two gas tubes, one to each 
side of the panel and both of 2-inch diameter, provides the needed 30 inch/lb 
if the tubes are inflated to 4.8 psi. Studies of meteoroid vulnerability 
showed that unprotected 5-ml nitrogen gas inflation tubes would incur a 
20-35 lb/day makeup gas penalty. Thus this concept is feasible only if 
a meteoroid barrier is added. Penetration studies indicated that 23 layers 
of 1/2-mil Teflon wrapped around the 2-inch gas tubes would provide a 90% 
survival probability for about 2 days, consistent with the 1.7-day lifetime 
of the soft tube concept main radiator panel Freon 21 tubes. For 30-day 
survival 59 layers were calculated to be needed. Multulayer meteoroid 
barrier performance, especially on plastic materials, is poorly understood 
(2)
and based on sparse data . Tests are recommended to establish the pro­
tection required. It was calculated that two flat steel watchsprings 
(1/2" x .049") , one combined with each gas inflation tube, would be required 
to rewind the panels. Figures 19 and 20 show the integration of the gas 
inflation tube/watchspring deployment/retraction system with the panels.


(2)

NASA TN D-6989, "Multimaterial Lamination as A Means of Retarding Penetration


and Spallation Failures in Plates", by J.D. DiBattista and D. H. Humes, 1972.
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FIGURE 19 GAS DEPLOYMENT SYSTEM FOR SOFT TUBE CONCEPT
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Evaluation of the STEM deployment system consisted of sizing the


units based on data from SPAR Aerospace Products, Ltd. using calculated loads


and integrating the STEM with the panels and a retraction system. A buckling
 

load of 3 lbs was found to be required to overcome the roll-up spring force.


Bending moments were calculated due to RCS firing (6.8 in-lb), air drag


(9.9 in-lbi, and the roll-up spring (30 in-lb). The buckling force controls.

A model A-631 BI-STEM was selected as typical in performance. This unit 
weighs about 10 lbs,requires 20 watts, and withstands 10 lbs buckling force at 
an Pxtension length of 25 ft. However, the packaging configuration of a slightly 
larger unit, model 5930 Fl-1, was considered more representative. This unit 
weighs about 16 lbs, withstands 15-20 lbs of buckling force, and requires 
60 watts. An intermediate design, weighing 13 lbs, packaged similar to the 5930 
Fl-1, and performing like the A-631 was assumed. Figure 21 illustrates the

design, with a window shade type roll-up spring integrated into the wind-up spool

Six Bl-STEMS are required, one on each side of each panel. A net weight increase

of 75.5 lbs was calculated, based on the removal of 30.5 lbs of gas inflation/

watchspring retraction system parts and fluid loop components, and the addition

of 108 lbs of BI-STEMS and rewind system. The gas inflation deployment system

was selected as the baseline design, with the BI-STEM system as a feasible

alternate.

A structural stress analysis was conducted to determine stresses


in the tubing spring members and to estimate the deployment force exerted


by the spring in the hard tube deployment concept. For the baseline design


with the two-way flow and 30 tubes (0.25" O.D. x 0.049" wall, 10.6 turns


each) was analyzed. This design has an extended length of 505 inches and a
 

compressed length of about 81 inches. The compressed shear stress was


calculated to be 6650 psi, and a retraction force of 25 lbs at the fully


compressed condition is required. A BI-STEM retraction system, located


inside the cylindrical radiator and attached to the upper rim by a harness,


was selected as a representative feasible retraction system. The BI-STEM


retraction system weight was estimated at 24 lbs. If necessary, the BI-STEM


can also assist in deployment. Acceleration and air loads on the hard tube


concept are negligible.
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3.3.5.2 Fluid Loop


Figures 22 and 23 show the respective fluid loop schematics for 
the soft tube (Party Whistle) and hard tube (Jack-In-The-Box) concepts. 
The two systems differ only in the addition of a regulator, valve, and 
plumbing for the Party Whistle concept inflation system, and in volumes of 
the Freon 21 and nitrogen gas reservoirs. As groundruled at the Orientation 
Briefing the Inflatable Radiator System concepts for the current feasibility 
demonstration program are presumed to always have a sufficient heat load


applied to avoid Freon 21 transport fluid freezing in the radiator panels. 
This permits the simple bypass type fluid temperature control system


illustrated in the figures. 
The heat exchanger was sized assuming water as a representative


vehicle side transport fluid. A minimum Freon inlet temperature of 350 F


was defined to avoid possible water freeze-up when control tolerances are


considered. Heat exchangers were sized for both 2F and 50F log mean


temperature differences. Respective weights were found to be 32.8 lbs dry


(47.2 lbs wet) vs 13.1 lbs dry (18.9 lbs wet) and envelope volumes of


529 in3 vs 212 in3 . This heat exchanger weight savings was traded against


radiator weight increases due to the lowered radiating temperature. The


corresponding hard tube concept weight and area increases were found to be


8.2 lbs and 26 sq.ft., and the soft tube concept 3.4 lbs and 15 sq.ft. The 
50F heat exchanger design was selected as typical. Details are given in 
Figure 24. 
The Freon reservoir was sized for the soft tube concept. 
Figure 25 shows the reservoir design and principle assumptions. The reference 
30-day mission is indicated in that it affects the expendable nitrogen 
requirement, the reservoir design is independent of mission duration. The 
30-day capability was chosen because of its small impact on the fluid loop. 
In the sizing analysis thermal expansion was computed for both the Freon 
and the radiator/fluid loop components; however, it was found that the 
Freon expansion/contraction is dominant. 
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FIGURE 22 PARTY WHISTLE CONCEPT FLUID SCHEMATIC


VVALVE 
A Iv 
\JAL\/ 
POMP 910 PPM 
17-: -P21 
FIGURE 23 OACK-rN-THE-BOX CONCEPT FLUID SCHEMATIC


F21 120
REQUIREMENTS: 
 
IRS LOOP FLOW: 910 PPH FREON 21


HEAT TRANSFER: 4 KW
 

SECONDARY LOOP FLOW: 228 PPH WATER
 

SECONDARY LOOP TEMPS: 100'F IN, 40'F OUT


HEAT EXCHANGER LOG MEAN T = 20 F TO 50 F


MINIMUM NOMINAL FREON TEMP: 350 F


14" 1
CORES CONSIDERED: 
 
AVCO EASY-WAY & HARD-WAY LANCE FIN


SHAH & LONDON LANCE FIN CORE


BASIS FOR SELECTION:


50F LMTD : LOW SYSTEM WEIGHT


TRADES FAVORABLY AGAINST PANEL 3.15'


WEIGHT


SHAH & LONDON:: MUCH SMALLER, LIGHTER, AND


LOWER PRESSURE DROP 
HEAT EXCHANGER DATA:


o 	 MATERIALS: STAINLESS STEEL WITH NICKEL FINS 
o 	 DRY WEIGHT: 13.1 LBS 	 COUNTER FLOW HEAT EXCHANGER: 
o 	 WET WEIGHT: 18.9 LBS 	 50 PARALLEL F21 PASSAGES 
o 	 WATER SIDE P = 0.0075 PSI* 50 PARALLEL,H20 PASSAGES 
FREON SIDE P = 0.0125 PSI* 
*EXCLUSIVE OF MANIFOLD LOSSES


FIGURE 24 HEAT EXCHANGER SlZrNG
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* TEMPERATURE LEVELS
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* HEAT EXCHANGER : 169 in3 
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RESERVIOR DATA:


* REGULATED GAS PRESSURIZATION SYSTEM


* BLADDER SEPARATION OF F21 AND N2


* ALUMINUM TANK 
* WEIGHTS: * 
DRY = 3.75 LBS 
AT LIFTOFF = 6.53 LBS


FILLED TO MAX. CAPACITY = 12.1 LBS


* EXPENDABLE N2 REQUIRED = 1.08 LBS


*Exclusive of Regulator & Relief Valve
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SPHERICAL
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FIGURE 25 FLUID RESERVOIR SIZING FOR SOFT TUBE CONCEPT


The nitrogen gas bottle was sized for the soft tube concept


using representative state-of-the-art construction materials and a 3000 psi 
pressure. Figure 26 gives details.


A typical Freon pump was sized based on the type and performance


selected 	 and discussed in paragraph 3.2.2, and by interpolation of weight


and volume between two similar models in the Pneu Devices, Inc., catalog.


Interpolation was between the Pneu Model 2114 pump (weighing 2.5 lbs with


an envelope volume of 41.6 in3 and rated 0.5 gpm at 15 psi) and their Model


2116 (weighing 4 lbs with an envelope volume of 62.3 in3 and rated at 
7 gpm at 20 psi). Using a semi-log interpolation of weight and volume


with rated flowrate (Reference 9), the resulting design shown in Figure 27


was derived. The indicated pump should be representative for either the


soft or hard tube concept.


Other fluid loop components were sized based on the above-referenced


Vought component study, current in-house electronic controller design studies,


data on ECS components supplied by Vought on Apollo and Skylab programs,


and recent information obtained from component manufacturers. A tabulation


of weights and sketches of representative design envelopes are given in


the preliminary design drawing of the soft tube concept. 
3.3.6 	 Preliminary Design Drawings 
Results from the Concept Selection Trade Studies, Deployment System 
Studies 	 and Fluid Loop Studies were translated into scale preliminary design


drawings. Drawing No. T-213-SK01, Inflatable Radiator System - Soft Tube 
Concept, 19 June 1974, was developed in 1/5 scale. Drawing No. T-213-SK02, 
Inflatable Radiator System - Hard Tube Concept, 20 June 1974, was done in


1/4 scale. Both drawings were transmitted to the NASA/JSC Technical Monitor,


Mr. B. 0. French. Figures 28 and 29, respectively, summarize the designs. 
During the current reporting period the hard tube drawIng was not carried 
to the same level of completness as that of the soft tube concept. 
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REQUIREMENTS:


" PROVIDE N2 GAS TO DEPLOYMENT SYSTEM


" PROVIDE EXPENDABLE N2 TO F21 FLUID RESERVOIR


* PROVIDE ONE CYCLE PER DAY FROM MAXIMUM


VOLUME TO MINIMUM VOLUME IN RESERVOIR FOR 30 DAYS


CONCEPT SELECTION:


* HIGH PRESSURE GAS SINCE SIMPLE AND PROVEN


* HIGH STRENGTH STEEL BOTTLE FOR LOW COST


7 SPHERE
X 
N2 BOTTLE DATA:


" PRESSURE: 3000 PSI


" MATERIAL: 4130 STEEL OR EQUIVALENT


" EXPENDABLE N2 : 1.2 LBS


(0.08 LB FOR DEPLOYMENT SYSTEM)


* WEIGHTS:


DRY - 2.8 LBS


WET - 4.0 LBS


FIGURE 26 N2 BOTTLE SIZING FOR SOFT TUBE CONCEPT


REQUIREMENTS: 
* 907 #/HR FREON 21 (1.33 gpm) 
* APPROX. 12 PSI PRESSURE RISE 
PUMPS CONSIDERED: 
* VANE AND CENTRIFUGAL 
* REQT'S. FALL BETWEEN 
* BOTH POOR EFFICIENCY REGIONco 
C 
CENTRIFUGAL CHOSEN AS TYPICAL: 
PE 
TI 
1 7151 
8 1o/0 
MAX
I 1IxI 
I 
* CANNED AC MOTOR 
* 13% OVERALL PUMP-MOTOR 
EFFICIENCY TYPICAL Ial ouJot 
Zo/2687 IA TW-U 
-
TYPICAL DESIGN INTERPOLATED 
FROM DEVICES IN. CATALOG 
WEIGHT = 3 LB 
FIGURE 27 PUMP SIZING


DESCRIPTION OF PARTY WHISTLE CONCEPT PRELIMINARY DESIGN


FIGURE 28


TWO FILMS OF
EVAPORATED 
 0
SILVER (12,500,A each,


ADHESIVE BOND LAYER


T O AWG 14 TEFLON TUBING 
0.002" THICK EACH (0069" ID, 0.016" WALL) 
THREE PANELS 
TUBE-FIN SECTION
TEFLON SPOOL 
 
20 	 FLOWPATHS


BASELINE DESIGN:


250 FT2 AREA (3 PANELS)

96 	 LB PANEL WEIGHT (INCL. PUMPING 
POWER PENALTY) 
FREON 21 TRANSPORT FLUID

* RADIATES FROM BOTH SIDES 
2" DIA GAS INFLATION EXTENSION BY 5 PSI NITROGEN GAS
ANIFOLD 	 PRESSURIZATION
RETRACTION BY TWO FLAT WATCHSPRINGS


TUBE WALL GUAGE SIZED FOR PRESSURE


RETENTION


PANEL CONFIGURATION


FIGURE 29


DESCRIPTION OF JACK-IN-THE-BOX PRELIMINARY DESIGN


DEPLOYED 
 
CONFIGURATION 
 
81" COMPRSSED
C O RE S 
MP S 
 
BI-STEM 
 
RETRACTION


MEMBER


FEP TEFLON = .002"


THICK EACH SIDE


3/16" OD ALUMINUM TUBING


F OWDS, E3 TR
RE
FLOW TUBES ACT 
 
AS SPRING - 27 
CARRY FLOW UP-
WARDS, 3 RETURN 
FLOW 
0.049" WALL 40 x 67 SILVER 
MESH - .002 bIA


WIRES


TUBE-FIN SECTION


BASELINE DESIGN:


463 FT 2 AREA


233 LB WEIGHT (INCL. PUMPING


POWER PENALTY)


FREON 21 TRANSPORT FLUID


RADIATES FROM ONE SIDE


EXTENSION BY SPRING FORCE


RETRACTION BY fI-STEM (ADDL. 24 Lf.)


30-DAY METEOROID PROTECTION


3.4 Computer Analysis 
Design studies were initiated in June 1974 using the Vought Steady 
State Design Routine (SSDR). The purpose of this work is to analyze the 
baseline configurations and perturbations of them to a higher level of 
fidelity than practical by hand. The principle objectives are to:


a) account for environmental influx in a more accurate 
and assymmetric way by using geometric models of the


radiator system ,and the vehicle (vs a 0F environment


sink temperature used in hand analyzes). 
b) 	 trade the soft tube concept relative panel


angles including panel-to-panel and panel-to­

vehicle radiant interchange effects.


c) 	 account for the radiator longitudinal temperature


distribution by breaking it into several nodes


(vs one in hand analysis).


d) 	 model the fluid-to-tube, tube-to-wall, and wall­

to-fin thermal resistances in a more precise way


than done in hand analysis


e) 	 determine revised areas required for both radiator 
systems based on the above analytical refinements 
3.4.1 Environment Model


A simplified shuttle orbiter geometric model was developed to


include vehicle effects. Figure 30 shows the model geometry and Figure 31


is an isometric sketch showing the location of the soft tube concept rela­

tive to the vehicle, and giving vehicle properties. The hard tube concept


geometric model is situated in the same location as the center panel of


the soft tube concept.


A?


/T 
CROBAY DOORS 
I T 
IL FIUEI S RBTRGOETI OE 
- - a
,50 " "TvB 
04 FLt-ALS 
RAD tAVOP-L 
FIGURE 31 GEOMETRIC MODEL OF INFLATABLE RADIATOR ON SHUTTLE


View factors -between the inflatable radiator surfaces and vehicle 
surfaces were calculated using the Martin Marietta Thermal Radiation Analyzer 
Program (MTRAP), and view factors between the earth and inflatable radiator 
and vehicle surfaces were obtained from graphs of published information. 
Direct incident flux on the inflatable surfaces and vehicle surfaces was 
calculated considering solar, earth emission, and earth albedo. Shadowing 
of one inflatable panel by another was included. A one-bounce analysis was 
conducted to obtain the component of each of these terms which is reflected


from a vehicle or another inflatable panel surface onto an inflatable panel.


Primary emission from vehicle radiator panels onto inflatable panels was


calculated assuming a mean radiating temperature of 770F and a fin effective­
n~ss of 0.95. Ehission from one inflatable panel onto another was computed


(for the baseline soft tube concept) assuming a mean radiating temperature


of 650F, an emittance of 0.675, and a fin effectiveness of 0.77. Re-emission


of absorbed flux on vehicle surfaces onto inflatable radiator panels


was calculated by assuming adiabatic vehicle surfaces (other than for the


vehicle radiator panels described above).


Hot case design orbital conditions were previously groundruled to 
be 550, sun oriented, 100 n.mi. altitude, at the 13 September 1973 Orienta­
tion Briefing. Current studies determined the 1800 orbital position (low 
side of orbit) to be most severe. Vehicle orientation with the cargo bay 
facing the sun and the vehicle broadside to the earth was found to approxi­
mate the most severe position.


3.4.2 Thermal Model


A radiator panel tube wall model was constructed consisting of a 
thermal resistance for radial tube wall conduction in series with the fluid­
to-wall thermal resistance (already modeled in the SSDR as a function of 
flowrate). The model includes a glue line resistance, and both the glue 
line and tube wall thickness and properties may be varied. Peripheral 
temperature drop in the fin material around the circumference of the tube 
wall was modeled by assuming that all heat is added at the fin root located 
at the tube midpoint. The resulting model is somewhat conservative (i.e., 
computes a slightly larger radiator area requirement than an exact model 
would determine). 
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The SSDR accounts for fin temperature gradients by computing a 
fin effectiveness based on an assumed adiabatic fin condition midway


between adjacent tubes. This case does not exist in the soft tube


inflatable design near the manifolds, as the adjacent tubes may differ


as much as 600F in temperature.


Lengthwise temperature gradients in the panels were accounted 
for in the SSDR model by breaking each panel into 10 longitudinal nodes. 
This provides a much more accurate mean radiating temperature. 
3.4.3 Environment Analysis 
View factors and environmental fluxes were determined for the


baseline soft tube concept at an outer panel dihedral value of 150.


View factors and fluxes for 300, 450, and 600 dihedrals were determined.
 

The thermal model was incorporated into the SSDR for the baseline soft


tube configuration. Checkout runs on the modified SSDR were made with


the soft tube concept and comparison calculations with a 00F equivalent


environment sink temperature were made to check against hand analysis.


Based on the results, a decision was made to ban the flexible radiator


designs on a 0F equivalent environment.


3.5 Materials Evaluation Study 
3.5.1 Material Identification


The materials study initiated under the Inflatable Radiator Program 
has yielded primarily a summary of existing and development transport fluids 
and flexible tubing materials. Extensive information has been obtained 
from the suppliers listed in Table 8, and the current sampling is considered 
to be representative of state-of-the-art materials. A great variety of 
flexible tubing materials are currently in use, including fluoroelastomers,
 

perfluoroelastomers, thermoset and thermoplastic polyurethanes, polypropylenes,


polyethylenes, polyester elastomers and various types of rubber and 
fluorinated polymers. Specific flexible tubing materials evaluated by Vought


in the current materials study are indicated in Table 9. Also included in 
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TABLE 8 
MATERIALS MANUFACTURERS AND SUPPLIERS 
CONTACTED BY VOUGHT


Allied Chemical Division - New York 
Moxness Products, Inc. - Racine, WI


Penntube Plastics Co., Inc. - Pa.


Uniroyal Chemical - Conn. 
Union Carbide Chemicals Division - New York 
E.I.duPont de Nemours and Co., Inc. - Wilmington, Pa. 
(Freon Products Group, Elastomer Chemicals Dept.) 
Newage Industries, Inc. - Pa. 
3-M Chemical Division - Minn. 
Chevron-Oronite Division - Ca. 
Raychem Corporation - Ca. 
Pennwalt Corporation - Pa. 
Chemplast, Inc. - New Jersey 
Besistoflex Corporation - New Jersey 
Thiokol Chemicals Division - New Jersey 
Dow Corning Engineering Products Div. - Ca. 
Firestone Central Research Laboratories - Ohio 
Kirkhill Rubber Co. - Ca. 
Rexnord Specialty Chemicals Division - Wisconsin 
Phillips Petroleum Co., Chemicals Group - Oklahoma 
U.S. Industrial Chemicals Co. - New York


B. F. Goodrich General Products Co. - Ohio


Cadillac Plastic and Chemical Co. - Michigan 
Celanese Plastics Co. - New Jersey 
Gates Rubber Company - Colorado 
Monsanto Industrial Chemicals Co. - Houston 
Hygienic Manufacturing Co. - Ohio


J.P. Stevens and Co., Inc. - Mass. 
Norton Plastics and Synthetics Div. - Ohio


98/
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Table 9 are the tensile modulus, applicable temperature range and the 
more important thermophysical properties of each of the tubing materials. 
Detailed information concerning the physical properties, chemical 
resistance, etc. is provided in Appendix A. 
The basic objective of the materials study has been to provide for

increased meteoroid lifetime of the flexible radiator panel, by utilizing

a tube material which is more flexible than the baseline FEP Teflon tubing.

It had been previously determined (Ref. 10) that lh AWG (.069 in. I.D., 
.016 in. wall) Teflon tubing with a 2-mil silver Teflon fin coating would 
yield a 90% probable lifetime in the meteoroid environment encountered in 
a 270 N.M., 780 solar-oriented orbit for only 1.7 days. From element 
tests conducted by Vought, the stiffness incurred using Teflon as the 
transport tubing was already severe, increasing the meteoroid lifetime


to 30 days by increasing the tube wall would have yielded only a semi­
flexible radiator. As indicated in Table 9, many materials have been 
identified with a tensile modulus less than that of Teflon. In the follow­
ing paragraphs, the general characteristics of each of the flexible tubing 
materials listed in Table 9 will be considered. Probably the largest variety 
of elastomer materials available is manufactured by DuPont (i.e., Table 9). 
Properties of Elastomers


Polyurethane elastomers (urethane rubber) encompass perhaps the 
largest range of hardness of any of the existing elastomers. Whereas the 
hardness range of rubber is generally considered to include Shore A duro­
meter hardness of 20 - 90 and that of plastics to include Rockwell R hard­
ness of 50 - 150, polyurethanes range in hardness from about 55 Shore A 
durometer to 90 Rockwell R. The hardness of polyurethane is governed by 
the molecular structure of the prepolymer, and not by the addition of 
plasticizers and fillers. The operating temperature range of polyurethane 

elastomers is usually considered to be -800F to 2250 F. Standard composi­

tions normally do not become brittle at temperature below -80F, although 
stiffening gradually increases as the temperature is reduced below 00F 
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ALTERNATE INFLATABLE 
TABLE 9 
RADIATOR TUBE MATERIAL CANDIDATES 
R T 
MATERIAL TRADE NAME 
SPESIFIC 
GRAVITY 
MODULUS 
(psI) 
TENSILE FLEURAL 
UTS 
PSI) 
USEFULNESS OVER 
TEMI RANGE (-2110 to 200F) C0MPATIBILITY 
AVAILABILITY 
IN 
TUBE 
REMARKS 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
rluorinated Ethylene Propylene 
Tetrafluoroethylene 
Polyimide 
Polyester 
Ethylene Tetrafluoroethylene Copolymer 
Perfluoroalkoxy Fluorocarbon 
Polyvinyladene Fluoride 
Polyvinyl Fluoride 
Polyvinyl Chloride 
Polyethylene Terephthlate'o 
Polyamide High Temp Nylon 
Hexafluorcpropylene-VinylideneFluoride 
Chloroprene 
Polyethylene 
Polypropylene 
Polycarbonate 
Silicone 
Fluorosilicone 
Trifluorochloroethylene 
PEP Teflon 
TFE Teflon 
Kapton It 
Mylar A 
Tefzel 
PA Teflon 
Kynar 
Tedlar 
Tygon(R29 07) 
Tenite 7DRO 
K49 
Viton B 
Neoprene W 
Bakelite 
Clysa 
Lexan 
RT 560 
DC 94009 
KFL-F 
2 15 
2 17 
1 42 
1 4o 
1 70 
2 15 
1 X7 
1 38 
1 20 
1 39 
1 38 
1 40 
1 25 
92 
90 
1 20 
1 42 
1 85 
2 10 
50,oo6T 80,COOT 2 ,00 0 T 
58 , 0 00T 6o, 0 OOT 2 , 00 0T 
530,006' - 25,000
F 
ss0,000 F - 25,00 
F 
125,000" 20 0 ,0 00T 6,500 
- 95,000F 4,00 
170O0OF 220,00 F 7,200
F 
250,00F - 7,00 
F 
400 - - 1,800 
3,000 
250,00 0 - 5,500" 
- 520,000 17,000F 
* 225 F - 1 , 400 F 
*156' - 1,250
F 
20,00? - 1 ,40OP 
160,00 F 170,OO0F 4,800
F 
340,00 F 310,006F 8,00 
F 
300F -0o 
F 
I 
similar silicone 1,00O
F 
rubber 
190,006F 200,OOOF 4,606F 
ok ok 
ok ok 
01t Unk (prob ok) 
Prob ok Unk (prob ok S T 
ok Unk (prob ok) 
Prob ok Unk (prob nk) 
"Brittle"8-4F Unk (prob Fair) 
Similar Tygon Unk (prob ok S T 
(Brittle) 
"Brittle"@­ 68 F Unk (prob Bad) 
Tested only to Unk (prob ok S T-4OOF
Questionable Unk (prob Fair)Cold 
Stjff-3O0 F, Badstands LN4(sihsvl 
Flex to - 0OF OK (slight sell 
'Brttle"(est Unk (prob Bad) 
-400F) 
"Brittle"(est Unk (prob Bad) 
OK Unk (prob Poor) 
Fair(Brittle Unk (prob ok S T-175 F) 
Similar sill- Unk (prob ok S T 
cone rubber 
(not as good) 
OK Unk (prob OK) 
Yes 
Yes 
Limited 
Custom, R&D 
Yes 
YesCustom 
Custom., R&D 
Yes 
Yes 
Custom, R&D 
R&D 
Yes,Custom 
YesCustom 
Yes 
Yes 
Custom 
Yes, Custom 
Yes, Custom 
Yes, Custom 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
Excellent general inertness 
Excellent gen inertness 
Spiral ound tubes only 
Good general i'nertness 
Excellent general inertness 
New material, prob similar other Teflons 
Good general chemical inertness 
Pliable (used for baggingi, good inertness 
Common lab tubing, poor gen inertness 
Good general inertness 
New material. (similar to Nomex) 
Elastomeric seal material, F21 Experience 
Elastomeric F21 seal, Type GS common tuoing 
Readily available, fair general inertness 
Readily available, fair general inertness 
Poor general inertness 
Cryogenic exp , shuttle TPS (Mflstomer) 
Developed as adhesive, poor practical 
experience (Elastomeri 
Predecessor to PEP Teflon (similor l 
S T 
T 
F 
- short term 
- evaluated in tube form 
- evaluated in film form 
- "100% odulus" - stress 0 100%elongation 90 
TABLE 9 (CONT'D) R T TEMPERATURE COMPATIBILITY AVAILABILITY 
SPECIFIC MODULUS UTS RANGE WITH TRANSPORT IN 
MATERIAL TRADENAME GRAVITY CPSII (psI) C0F) FLUIDS TUBE REMARKS 
TENSILE FLEXUVRAL Lo Ri 
20 Polyurethane Hi-Tuff 
Tygothane 
Estene 
1 03-1 h4 750­
3000 
6000 
-8500 
-80 225 No Phosphate 
Esters 
yes Polyother Urethanes have greater low temp 
flex than polyester urethanes Available 
in thermoset or thermoplastic, extruded 
Vibrathae tubing available in thermoplastics only 
Elastothane 
2L Perfluoroelastomer (Copolymer 
of Tetra-flunroethylene,
Perflnro (Methyl vinyl ether) 
Adiprene 
ECD-O06 2 0 2650 - -30 *50 No Fluorinated 
Ethers 
yes, custom Standard formulations have carbon black 
as filling agent Low temp formulations 
available UV stability is u1nnown to 
and Perfluorevxnyl ether) manufacturer 
22 Chlorosulfonated Polyethylene Hypalon 1 1-1 26 4000 -40 325 No Fluorinated yes No phosphates or diesters 
23 
(S~nthetio Rbber)
Polyester Hytral Valox 1 1-1 3 5000 7000 -65 300 Ethers yen Compatible with silicate and phoaphat. 
esters and most fluorocarbons Brittle at -90-F 
24 Ethylene - Propylene Diene Nordel Eplar 86 3000 -6o 250 No Fluoro-carbons yes Not compatible with diesters or Freons 
25 
(EPDM) 
Butdiene- Arylonitrile 
Royalene 
Hycar 98 3000 5000 
-70 
-Io 
400 
0 yes Very poor resistance to LWdegradation, for use 
26 
(Nitrile Rubber) 
Polyolefin Copolymer 
Paracril 
TFR ­ 1600 88 65or I5OOF -6o 250 Good In Silacate yes 
as mixture with solid nitrile rubber 
No Aliphatic or aromatic solvents, or 
(Polyolefin Thermoplastic - 1800 lIAOF 10,O00F esters, Phosphate chlorinated Hydrocarbons 
Rubber) - 1900 185OF 35,000F esters, & 
ethylene com­
27 Ethylene Ethyl Anrylate 93 -150 1*0 
pourds 
No Chlorinated yes 
Olefin Copolymer Hydrocarbons 
28 Ethylene Vinyl Acetate 94 -140 14O No Chlorinated yes 
Olefin Copolymer Hydrocarbons 
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Some compositions of polyurethane may be obtained that retain a small


amount of flexibility at temperatures as low as -125 0 F. Although not 
flexible at extremely low temperatures, polyurethane elastomers have


successfully been operated at cryogenic temperatures using non-oxidizing 
liquefied gases. Polyurethanes may be used continuously at 200-2250F 
and intermittently up to 250 0 F. Prolonged exposure to ultraviolet 
radiation usually darkens polyurethane and somewhat reduces the physical 
properties (i.e., the material may become brittle) due to polymer cross­
linking. Ultraviolet screening agents and pigmentation are available in


DuPont's Adaprene polyurethane elastomer.


Polyester elastomers range in hardness from about 85 durometer A 
to 70 durometer D ('-180 Rockwell R). Polyester elastomers are thermo­
plastic, synthetic materials; the softer compositions of polyester elas­
tomers resemble true elastomers more than plastics. The thermal service 
range of polyester elastomer is approximately -650F to 3000F. The brit­
tle point of polyester elastomers is about -1000F, but, as With other 
elastomeric materials, gradual stiffening occurs with decreasing tempera­
tures. The degree to which polyester elastomers are degraded by ultra­
violet radiation is a function of exposure time, but screening agents 
are available for this material. 
Synthetic rubber is probably best known for its excellent ageing


characteristics and chemical resistance (as compared to natural rubber).


Use of synthetic rubber with a transport fluid is limited to nonaromatic


hydrocarbons and it will not withstand chlorinated solvents. Acid and 
salt solutions of a highly oxidizing nature will cause surface deteriora­
tion and loss of strength in synthetic rubber. Synthetic rubber gives 
excellent service in contact with aliphatic hydrocarbons, aliphatic hy­
droxyl compounds and most fluorocarbon refrigerants. The practical high 
temperature range for continuous service is about 180 - 2000F. For 
intermittent use, specially compounded synthetic rubber products can 
operate at temperatures up to 250'F. Thermal exposure above these limits


does not melt synthetic rubber, but it does cause hardening and loss of


resilience. The brittle point of synthetic rubber is about -400F, with


gradual stiffening starting at 00F. Again, specially formulated composi­
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tions permit service to about -700F.


Fluoroelastomer compounds generally offer greater resistance to


most fluids and have wider operating temperature characteristics than do


most commercial rubber products. Fluoroelastomers (i.e., DuPont's Viton


and Norton's Fluran) resist many aliphatic and aromatic hydrocarbons that


act as solvents for other rubber compounds. Generally, fluoroelastomers
 

may be used continuously at temperatures to 4000F, and up to 1000 hours


at 500OF without affecting the mechanical properties or chemical resistance.


Fluoroelastomers remain flexible at about OF, and with special compounding,


as low as -650F. They have successfully been used in static applications


at cryogenic temperatures. Fluoroelastomers show excellent resistance to 
degradation via ultraviolet radiation and, under vacuum conditions, ex­
perience minimal outgassing. 
Silicone rubber compounds consist of silicone polymers mixed with


one or more suitable inorganic reinforcing fillers and a vulcanizing agent.


While all silicone rubber compounds provide a number of outstanding char­

acteristics, various fillers may be used to improve physical, thermal and


electrical properties as well as chemical resistance. Silicone rubber is


serviceable up to 5000F, with some formulations useful forlimited service


to 6500F. Continuous low temperature operation may be obtained to -70'F,


with some grades remaining flexible at -150'F. The resistance to degra­

dation by ultraviolet radiation is among the best of the available elas­

tomers. Silicone rubber contains a low percentage of organic materials


and contains no plasticizers.


There are several other types of plastic and elastomeric materials,


and their physical, mechanical, electrical and thermal properties are tab­

ulated in Appendix A. Included in Appendix A are the characteristics of


various types of rubber, fluorocarbons, olefin polymers, polyesters and


polyethylenes. A new development material offered by DuPont, ECD-006 per­

fluoroelastomer, is composed primarily of fluorine and carbon, and combines
 

the properties of a flucroelastomer (i.e., Viton) with those of a per­

fluorinated plastic (i.e, Teflon). ECD-006 perfluoroelastomer is based


on the copolymerization of tetrafluoroethylene (TFE Teflon), perfluoro


(methyl vinyl ether) and a third monomer (a perfluorovinyl ether grouping
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with an acti-ve cure site monomer). This material, when cross-linked, yields


vulcanizates with outstanding chemical resistance and high temperature oxi­

dative resistance. Perfluoroelastomers are chemically inert to most sol­

vents, including polar solvents (ketones, ethers and esters), inorganic


and organic acids and bases. Thus, perfluoroelastomers may be used with


most transport fluids, excluding fluorocarbons. Generally, perfluoroelas­

tomers are capable of providing continuous service at temperatures of 500 ­

5500F and can operate at 6000F for short time durations.


Properties of Transport Fluids


Perhaps the most notable characteristic of the available transport


fluids is their chemical variety. The transport fluids evaluated by Vought


are listed in Table 10, together with their temperature range and typical


thermophysical properties. Most of the transport fluid types represent a


family of transport fluids, with a large variation of thermophysical and
 

transport properties. Described in the following paragraphs are the major


categories of fluid types evaluated during the materials study. More de­

tailed information concerning a specific fluid is located in Table 10.


Fluorocarbons


Fluorocarbons are organic compounds containing one to four carbon 
atoms and fluorine. Chlorine, bromine and hydrogen atoms may also be 
present. Their physical characteristics include nonflammability, a low 
level of toxicity, excellent thermal and chemical stability, high density 
coupled with low boiling point and low viscosity and surface tension. The 
presence of fluorine atoms in the molecule is responsible for the stability 
of the compounds and, as a general rule, increased stability may be obtained 
for increased fluorine content. Toxicity levels of the fluorocarbon compounds 
are quite favorable for use and handling, with most of the fluorocarbons 
classified in groups 5 and 6 by the Undernriter's Laboratories. (Group 6 is 
94


Fl 
MI 
lk 
-let 
~ T)' 
.c. O . 
.~L(P 
I. 
V&Pom 
C 
4 
ItA~ 
~ V 
oo, 
P~ P 
IAT 
~ 
0t,~ 
.P~. 
Al, 
~ I.r 
9*1 
PLCa~,L 
ar.P 
0 
"I' 
(I.1V 
Tri 
rlalo.& 
~APKIL4~IUK 
Ofi-P Oll r f. C 
.I.r IC T IQ tv T 
&I te LA 
to 
5 
f 
~ 
L't. 
t 
0. 
us1 
14 
PetpOL~ 
~ 
4 
Cj 
iL­ "0 
FL--11 
0 
IA 1 
t Zte o­
14 K 5 
-4 
-
K 0 4 itZA 
9 95 
.'4 
Ii tr %4PNV -,1. 
14 , -lo 
-1 , oeqal I~ 9A1 
a-soc ~ ~ o~a 1:0- L~e~I3 4 1 t i 2~4 4 P3 ~T l ~ t 
rz ' 3 ot t~ 0 & rto .t a- "< e, 03Iti. L1 tec 
1 It2.7-t7 K'961'.t4 43 Qe~zoe.o ' 
- -- 
____ 
-- 
-- -
*TL)~c M.F(t iteF 
4iuc.~.~ S4Jim C­1 8 3 tcLec-ra~. 8,4­
84 
407 
- o~o (so) 
4 
'4 
'4 
44 
8.4 
8,4 
- 8,4 
-Ioe~ 
- lots-o 
~44 
4' 4' 
4. 
aa 
8,4 
8,4 
8,~ 
CooLktaoL 
~. 
±5 
a.144t.,ra 8618± Mo~s&,.j-to 9 
9 
44 
TI(thtMbJat. 
~ 8 
44 9 
4 
44 
05 
.4 
~ 
IT) 
SAL4~T4.44q&c. 
4oO 
0(7 
'ar-, 
.0 
O444De 
IThII'.Ltsy. 
$94 
I 
4 
4't~, 'A so 
,, 
I, 
5 
45 
.4 
b~t0wGcrhe,..VA.~vrt. prL8 ~ COF L~F 4 ~ -.4 
~074IC.4t fl I4~II~ ~ o~ A.7 T~F5 pt I M 4a~,,T,.t.c P8~4L wr oILI&~4 ~tFv~I A.TIA..104F mr ~ too7 tbM Wt~ wr.~ 'tv.--­
-
- - -4-­
-
- '~1~ 
48to ro - V 
-
-
H~78.C 
. -- ~ L.--------tL.L 
­
- 3*....' 
--
o'a~~~ 
-
-
- - / - - ­
-
- - - - - JC-.... 
- 4t.~a4 'at. ~ 
(7 
­
- - - - - - - -- 4-----
­

1ta 
 
-
-
- - - V -. - -- 4JaS',(..~B,. 

-, 
-t ­
 -
10 ~Ia 
.t*to.. V 
­
-4 -- 4
-450 VV ­ 4-

..- ,O0 
 'C 
- -
. 
~ 
.. ,s~ 
-io' - eo 
­ -
'j 4­
-
-4 .. ay...___ A, 4 
V 
__ -­
______________V 
2.08 Vt £.. L/ 
­
-
-i 
~ 
.­
~-

Ij*vjA~IWM 
- 400 ~Li oA~7 pp

.' 2 - -~~> 
ot. At - - '~ V -­
-,
cto ~ 7­"-vto 
- § -V-4 
- - Z- ~ 
-
~,o" cJo' 4$t, 
44V - , -4~4C 44-' L.~ze 4s~. 
05 
.c -- 40 
-
- - V - - -­
. ::.z-z-­-a 
.c------r--------d--------------.--.~...<-. 
~ 
-t~a-z4d t.... ­
~gd' 
~80 
- '~ 
­4, - -4 -4 4-

.7 7 - 40 
 
- - 4 
­
-
~ ~ 
-- t..~n~..r.±ft.CZ~ 
­
-
-- ~


4' 
.7


40 
-
'*7-4' 
------­
-j 
-, -t -­7- -
- ­
- - '-- -- 4y~-4.-4 ­
~ 
~ C~-44 
.7 .t'ts
.7 - V 
~IAM ~IA1M 
- - ,< '2-fl 
­
~'00 
'~ >4. 
-
S -j~4*-~4A. - - C.,.S s- - ­4P4Lora4L rlt,. VA.LuA...r.s ~ Al 
-7­
-l 
7 - Lz. 
98

- qao - I-4F1... k 
I qI 
6. 
Io so 
t4 Z' Iqo2C, o 
It 
I 
It t41 F..C 
-99 
~ 
klo 
~ 
Io 
ITP 
T.CTM SC.l IaPetT 
I P. ILI 
Z'11 v 1, 4 10 
1.0t. 10 It o 
I C O 1 1 t4 -.a 0 - 4 k. 
tq-a-arIj, T­ 4. 0-1. - -­ , ' c.. I1 
14 v 
14 -
~rtc. 4 '-C '-C 10 - 4. -1i .1wo 1 .4 
COIA~L4. I 4 toi 41. a1h. 9. 
100 
considered to be the least toxic of gases and vapors.) None of the 
fluorocarbons have been determined to be flammable or explosive at 
temperatures to about 210 0F. The presence of fluorine in the molecule 
in many cases has an effect on the boiling point similar to that of 
hydrogen but at the same time providing a high molecular weight and non­
flammability. This effect is even more pronounced when chlorine is also 
present. The high molecular weight of fluorocarbon compounds also con­
tributes to low vapor specific heat values and fairly low latent heats of 
vaporization. Fluorocarbons do not conduct electricity and in general have


excellent dielectric properties. Compatibility of the fluorocarbon com­

pounds with elastomers is variable, due to chemical structure variations


between fluorocarbons but, in general, at least one fluorocarbon compound 
may be found to be compatible with most elastomers. Obvious exceptions are 
elastomers for which all fluorocarbon compounds are strong solvents: i.e., 
some fluorinated elastomers. Homopolymers or copolymers with increasing 
polyvinyl alcohol compositions generally offer increasing compatibility 
with the fluorocarbon compounds. Variation in the thermodynamic and 
thermophysical properties of certain fluorocarbon compounds may be obtained 
by substituting (existing) higher homologs of the fundamental fluorocarbon. 
For example, a family of five (homolog) fluids, the "Freon E-series", is


manufactured by DuPont, with higher homologs currently under development. 
Silicate Esters 
Monsanto's Coolanol transport fluid series is a family of silicate 
ester coolant/dielectric fluids. The Coolanol fluids are characterized 
by very small vapor pressure and high specific heat as compared to Freon 
fluorocarbons. These characteristics yield smaller elastomer tube wall 
thickness (for pressure retention) and excellent thermal performance,


respectively. However, pumping power penalties are large for the Coolanol 
fluids due to their large viscosities. Maximum (recommended) bulk fluid 
temperatures range from 2500 F for Coolanol 15 to 400OF for Coolanol 45. 
Low temperature operation may be extended to -140OF for Coolanol 15 and 
to -850F for Coolanol 45. The Coolanol fluids are compatible with aluminum, 
iron, copper, copper alloys, silver alloys, brass, cadmium plated steels, 
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solders and brazing materials. Several elastomers are compatible with
 

the Coolanol fluids, including synthetic rubber, fluorocarbons, nitrile


and some fluorosilicones. Compatibility of thermoplastic polyurethane,


polyvinyl chloride (Tygon), fluoroelastomer (Viton) and perfluoroelastomer


with Coolanol 15 has been demonstrated by Vought for 50-day duration
 

ambient tests. In general, the Coolanol fluids are quite similar to the 
hydrocarbons in~overall flammability characteristics. The products of


combustion of silicate esters (i.e., Coolanol fluids) include silica 
(silicon dioxide), which is usually of small particle size and appears 
as smoke. Silicate esters are characterized by the tendency to hydrolize 
when in contact with water, thus requiring some protective measures to 
avoid water contamination. The Coolanol fluids are essentially nontoxic.


Coolanol 15 is somewhat volatile (relative to the other Coolanol fluids),


and at high temperatures, the vapor is moderately toxic. Chevron Inter­

national is also a manufacturer of silicate ester fluids.


Hydroxyl Ethers (Glycols)


Glycols, also called diols, are characterized by two hydroxyl 
groups. The hydroxyl groups contribute water solubility and hygroscopicity 
and also provide reactive sites. The extent to which the hydroxyl groups 
influence the properties of the molecule depends upon the position of the 
hydroxyl groups, the length of the hydrocarbon chain, and the presence of 
branched chains and repeating ether linkages. In effect, the more closely 
the molecule resembles a hydrocarbon, the more it acts like a hydrocarbon.


Repeating ether groups in "polyols" introduce hydrogen bonding, with its 
attendant influence on solubility. The ethylene series is completely water


soluable at room temperature. Hygroscopicity does, however, decrease as


the chain lengthens. The propylene series loses its water solubility as


the chain lengthens. Aqueous glycol solutions exhibit minimum freezing


points at about 60 - 65% glycol, by weight. Boiling points of aqueous


glycol solutions are increased with increasing glycol composition and are


greatly enhanced as the glycol composition increases above 80-90%, by weight.


All of the pure glycol solutions have vapor pressures under 0.1 mm of 
mercury at 200C (680F). In order of decreasing vapor pressure, the glycols


are grouped as: propylene glycol, hexylene glycol, ethylene glycol,
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dipropylene glycol, diethylene glycol, triethylene glycol and tetraethylene


glycol.


Ethylene glycol is a colorless, practically odorless, low-volatile,


hygroscopic liquid. It is completely miscible with water and many organic 
liquids. Ethylene glycol is the lowest molecular weight fluid of the 
glycol series, it is about 50% more hygroscopic than glycerol at normal 
room temperatures and humidities. The appearance and properties of diethy­
lene glycol are similar to those of ethylene glycol. Diethylene glycol is 
considerably less volatile than ethylene glycol and it dissolves various


resins and gums and many organic materials. Dliethylene glycol may thus be 
a poor choice as a transport fluid in contact with elastomer materials. 
Triethylene glycol is a colorless liquid with a slight,sweet odor. Its


properties closely resemble those of diethylene glycol, but has a higher
 

boiling point. Tetraethylene, propylene, dipropylene and hexylene glycols 
are also similar in behavior to the simpler glycols. 2-Ethyl-l, 3-hexanediol


(ethohexadiol U.S.P) differs from the aforementioned glycols by its longer 
hydrocarbon chain, thus yielding low volatility and limited water solubility. 
Its compatibility with elastomers is unknown, but is most likely limited. 
1, 2, 6 - Hexanetriol is a stable, high-boiling liquid that is completely


miscible with water. It differs from the other glycols by having three 
hydroxyl groups, thus characterizing it as a very strong solvent. Other 
,glycols include polyethylene and polypropylene glycols, characterized by 
large viscosities, and would therefore be inferior transport fluids (at 
least from a pumping power and flow stability viewpoint). Elastomer com­

patibility of all of the glycol fluids would largely be a function of the 
hydroxyl group inertness with respect to the elastomer material.


Silicone Fluids 
Chemically, silicone fluids are quite different from all other


materials. Whereas organic hydrocarbon fluids have a basic structure of 
carbon-carbon atoms, silicone fluids have a basic structure of silicon­
oxygen linkages similar to the Si-o linkages in other high temperature 
materials (quartz, glass and sand). It is this linkage that contributes 
to the outstanding high temperature characteristics and general inertness 
of silicone fluids. In addition, many organic hydrocarbon fluids contain 
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some degree of unsaturation where-carbon atoms are joined together by 
double bonds. The double bonds are the sites of attack by oxygen, 
particularly at high temperatures. Because most silicone fluids contain


no double bonds, they are extremely resistant to oxygen attack - even at 
high temperatures over long periods of time. Several types of silicone


fluids may be synthesized through the use of a variety of organic side


groups along the polymer chain: methyl, ethyl, propyl, butyl, phenyl
 

carboxyalkyl, hydroxyalkyl, cyanoalkyl and aminoalkyl. Of these, methyls 
and phenyls are used most frequently; consequently, the two most common


(and most useful) silicone fluids are damethyl polysiloxane polymer and


methyl phenyl polysiloxane polymer. 
Silicone fluids offer a relatively small viscosity change with


temperature. (Petroleum oils and dibasic acid esters exhibit large changes 
of viscosity with temperature in relation to most silicone fluids.) Silicone 
fluids are also characterized by shear stability, excellent resistance to


breakdown at high temperatures and low surface tension. Dlimethyl poly­
siloxane fluids have pour points below -120OF and may be operated at temp­
eratures up to 500'F. Methyl phenyl polysiloxane fluids may-be used from 
about -80 0 F to 500 0 F. Extended storage of silicone fluids at low temperatures 
will produce no precipitation since no additives are present. When frozen 
solid for prolonged periods, silicone fluids do not deteriorate and when


returned to operating temperatures will perform as effectively as before. 
Except for the very low viscosity products, the nominal specific gravity 
range for silicone fluids is 0.94 to 0.98. Incorporation of phenyl molecules


in the polymer increases specific gravity. Dimethyl silicones have the 
lowest surface tension values and these are largely independent of viscosity. 
The surface tension of methyl phenyl fluids is somewhat greater than that 
of dimethyl fluids, but is still much lower than that of organic fluids. 
Silicone fluids, except for the low viscosity dimethyl materials (! 20 centi­
stokes), show exceptionally high flash points. The low viscosity dimethyl 
fluids, being short chain polymers, are more volatile. The self-extinguish­
ing characteristics of non-volatile high molecular weight silicone fluids 
are due to the large temperature difference between the flash and fire points. 
Auto-ignition temperatures of both dimethyl and methyl phenyl silicone fluids 
are above 8500F.
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The low molecular weight, low viscosity silicone fluids behave


as solvents in the presence of plastics and resins.


3.5.2 Materials Screening 
Fluid Selection Criteria


Selection of a transport fluid for the soft tube configuration 
of the Inflatable Radiator concept is based on several factors. Character­

istics of the candidate transport fluids which have a major influence on 
fluid selection are: boiling point (or vapor pressure), flash point, pour 
point (freezing point), elastomer compatibility, thermodynamic and transport


properties and toxicity. Essentially, all of the fluid characteristics are


important in proper fluid selection, but a few minimum requirements must be


met for the fluid to be a possible choice. Due to a concurrent requirement


in selection of the most flexible elastomer available/possible (and con­

sequently an elastomer of low strength), the criteria for vapor pressure has


been defined as being under one atmosphere at 250'F (i.e., normal boiling


point of the fluid must be greater than 2500F). Consequent to this restric­

tion on the fluid's vapor pressure, tube wall thickness requirements for


meteoroid protection will be inclusive of those for pressure retention.
 

The fluid operating temperature range has been defined as -100'F to 250'F


which is considered to be inclusive of high and low temperature applications


for the Inflatable Radiator concept.


Selection of the proper fluid for low temperature operation is not


entirely dependent upon pour point. The fluid viscosity at low temperatures
 

dictates the minimum allowable return temperature for a given radiator inlet


temperature. For heat rejection systems facing deep space, unstable operation


of the radiator occurs if the return temperature drops below the minimum 
allowable temperature which, in most cases, as well above the fluid pour 
point. The resulting behavior of the radiator, when rejecting heat to an 
environment with equivalent temperature below the transport fluid pour point 
(i.e., a radiator facing deep space), has been observed to be freezing in 
one flow path with subsequent freezing in adjacent tubes, and eventual 
freezing of at least a large portion of the radiator. The subject of flow 
stability is addressed later in this report concerning the soft tube Inflatable 
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Radiator thermal vacuum test and feasibility demonstration and in Reference 
(8). The flow stability problem limits the choice of transport fluids to 
fluids other than those with moderate-to-high viscosity at lower tempera­
tures (in addition to the increased pumping power penalty incurred by use 
of the higher viscosity fluids.) 
The data available on toxicity is limited, with the only quantita­
tive data indicated for the Freon fluorocarbons, Table 10. None of the


fluids evaluated by Vought appear to be hazardous in handling, assuming 
normal handling procedures are observed. Table 10 lists the fluids 
evaluated on an initial screening basis. The fluids which warrant further 
evaluation are those for which sufficient data are available and which remain


liquid at pressures under one atmosphere over the temperature range of


-100oF to 250 0F. Second level screening and final fluid selection are dis­

cussed in Section 3.5.3.


Screening Tests


Screening tests consisting of chemical compatibility, bonding, 
flexibility and thermal exposure testing have been performed using several 
of the tubing materials indicated in Table 9. Room ambient temperature 
chemical compatibility tests have been conducted at Vought using Freon E-2 
and Coolanol 15 together with each of the tubing materials listed in Table 11. 
Also indicated in Table 11 are the results of ll-, 20-, and 30-day chemical 
compatibility tests. The chemical compatibility tests were conducted at 
room ambient temperature and pressure using typically a one-inch length of 
tubing material immersed in a small beaker containing the transport fluid. 
Chemical compatibility was determined by changes in physical appearance, 
weight change and swelling of the elastomer. Perhaps the most quantitative


measure of chemical compatibility is the amount of elastomer swelling incurred 
when in contact with the fluid. Swelling of tubing materials is easily


measureable and, in the absence of changes in surface appearance, is considered


to be indicative of elastomer/fluid compatibility. The two fluids selected
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TABLE 11 ROOM AMBIENT TEMPERATURE


CHEMICAL COMPATIBILITY TESTS


SWELLING Rt - Ri 
Freon E-2 Coolanol 15 
Exposure Time 11 20 30 11 20 30 
(Days) 
Tubing Material 
MP-1485 Ester-Based 0 0 -2 0 1 1 
Polyurethane 
MP-1280 Ether-Based 0 1 1 1 2 1/2 3 
Polyurethane 
P-1880 Ether-Based 0 0 0 0 0 0 
Polyurethane 
8831-63A ECD-O06 (I) - - 0 0 0 
Perfluoroelastomer 
8831-63B ECD-06 12 27 28 0 0 0 
Perfluoroelastomer 
Viton B Fluoroelastomer 0 1 1/2 1 1/2 0 0 0 
SR-200 Silicone rubber - 5 5 - 38 40 
Neoprene W 1/2 1 1 (2) 1 1/2 1 1/2 
TPR-1600 Thermoplastic 2 2 2 4 4 4 
Rubber (Polyolefin) 
TPR-1900 Thermoplastic 1/2 1 1 7 7 8 
Rubber (Polyolefin) 
Moxness Silicone Rubber 1 1/2 2 2 39 4o 4o 
R-3603 Tygon 
Polyvinyl Chloride 1 2 2 0 -5 -8i/At" 
(i) 	 883L-63A ECD-oo6 (Standard grade of pernluoroelastomer) deteriorated in


less than three days in the presence of Freon E-2, with complete collapse


of the tubing structure.


(2) Neoprene W is apparently compatible with Coolanol 15, with very little


swelling and no obvious loss of flexibility. However, the Coolanol


solution became increasingly yellow, whereas Coolanol is normally clear.


(3) 	 Immersion of Tygon (PVC) in Coolanol 15 caused shrinkage of the elastomer,


as well as greatly decreased flexibility. Flexibility decreased to


about that of teflon, at room ambient temperature.
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with which to conduct the chemical compatibility tests, Freon E-2 and


Coolanol 15, were chosen to be representative of the more applicable


transport fluids, Table 10. As indicated in Table 11, the NP-1880 
polyurethane, 8831-63A and -63B ECD-006 perfluoroelastomers and Viton B 
fluoroelastomer did not swell in the presence of Coolanol 15. Also, 
Coolanol 15 had a limited effect on the MP-1485 and bP-1280 polyurethanes 
and Neoprene W, although discoloration of the Coolanol solution was 
observed with Neoprene W. Substantial swelling of silicone rubber in


Coolanol 15 was observed; whereas diameter reduction and significant loss


of flexibility of polyvinyl chloride (Tygon) in Coolanol 15 was observed. 
Compatibility with Freon E-2 was indicated for EP-1880 polyurethane; and 
minor effects of E-2 on MP-1485 and MP-1280 polyurethanes, Viton B, 
Neoprene W, Tygon, one grade of silicone rubber and the polyolefin thermo­
plastics were noted. Substantial swelling of the low temperature for­
mulation of perfluoroelastomer, 8831-63B, in E-2 was obtained; the standard


grade of perfluoroelastomer, 8831-63A, completely deteriorated in the pre­

sence of E-2 in about three days. Of the tubing material/fluid combinations


tested by Vought, the only resulting tubing material which lost its flexi­
bility was Tygon (polyvinyl chloride) in Coolanol 15. This loss of flexi­
bility is presumably due to loss of the plasticizer while in the presence 
of Coolanol.


Flexibility tests of the tubing materials listed in Table 11 were


conducted at room ambient temperature, 220 0 F, -100OF and -320OF (LN2 tem­
perature). With little exception, the tubing materials were more flexible 
at 2200F than at room ambient temperature. For the high temperature tests, 
the tubing material samples were placed in individual aluminum containers 
located in an air-circulating oven maintained at 1050C (221 0F). Since 
immediate provisions for maintaining the transport fluids at elevated and 
reduced temperatures were not available, the flexibility tests were conducted


with the tubing materials in air at elevated temperature, and in air im­
mediately subsequent to immersion in dry ice (solid C02 )/Acetone and immersion 
in liquid nitrogen. Results of the flexibility tests are shown in Table 12. 
Direct comparison of the flexibility of each of the elastomers with that of 
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Table 12 Results of Elastomer Flexibility Tests


FLEXIBILITY 
MATERIAL ID X OD 
(Approx) 750F 2200F -100°F -320°F 
MP-1880 Moderately Increased Bending over 1/8" No Flexibility 
Polyurethane 1/16 x 1/8 Flexible Flexibility Mandrill w/moderate 
force (by hand) 
MP-1485 Moderately Permanent ton­ (1/4" Mandrill) No Flexibility 
Polyurethane 1/8 X 1/4 Flexible gitudinal Curl; 
slightly yellowed. 
MP-1280 Moderately Increased (1/8" Mandrill) No Flexibility 
Polyurethane 1/16 X 1/8 Flexible Flexibility 
8831-63A Perflu,­ 1/8 X 5/16 Moderately Increased No Flexibility No Flexibility 
oroelastomer Flexible Flexibility 
8831-69B Perflu­ 1/8 X 5/16 Moderately Increased No Flexibility No Flexibility 
oroelastomer Flexible Flexibility 
Vaton B 
Fluoroelastomer 1/4 x 9/32 
Flexible; 
Crinkles 
Increased 
Flexibility 
No Flexibility 
Shattered when 
Shattered when 
bent 
when bent bent 
SR-200 Silicone Extremely Increased Very Flexible Small Flexibility 
Rubber 1/16 X 5/32 Flexible Flexibility at -800F 
Neoprene W 1/8 X 3/8 Moderately Increased No Flexibility No Flexibility 
Flexible Flexibility 
TPR-1600 Thermo­ 1/8 X 7/32 Flexible; Elongates No Flexibility; Brittle 
plastic rubber crinkles permanently Permanent crinkle (Shattered) 
when bent when stretched when bent 
TPR-1900 Thermo­ 3/16 X 9/32 Flexible; Elongates No FlexiBility; Brittle 
plastic rubber crinkles permanently permanent crinkle (Shattered) 
when bent when stretched when bent 
Moxness Silicone 
Rubber 
14 AWG 
(.069X .101 
Extremely 
Flexible 
No change 
from 75°F 
Small loss in 
flexibility 
Small 
flexibility 
from 75°F 
R-3603 Tygon Poly­ 1/8 x 1/4 Moderately Increased No Flexibility No Flexibility 
vinyl Chloride Flexible Flexibility 
the other elastomers was difficult due-to the variation of sizes encounter­
ed in obtaining samples. Qualitatively, the tubing materials may be ranked 
in order of increasing flexibility as: thermoplastic rubber, Neoprene W, 
Viton B, polyurethane, perfluoroelastomer and silicone rubber. Several other 
materials evaluated by Vought, Table 9, were either nonobtainable or un­
known at the time of testing (EPDM, ethylene vinyl acetate, ethylene ethyl


acrylate) or were judged to be too stiff to compete as alternate tubing 
materials (butadiene - acrylonitrile, polyester). As indicated earlier, 
it was recognized by Vought that a thorough screening of plastic, rubber and


elastomer materials may still leave some existing materials unrecognized.


It is believed, however, that some variation of most of the available flex­

ible materials has been identified.


Elevated temperature chemical compatibility tests were possible


for Coolanol 15 without reflux condensing, due to the low vapor pressure of


the fluid, and were conducted using the materials listed in Table 11 for


which zero elastomer swelling was observed (viz., perfluoroelastomer, Viton B


and MP-1880 polyurethane). Three-day duration tests were performed with 
samples of Viton B and both grades of perfluoroelastomer immersed in Coolanol


15 at a temperature of 200 + 10 0F. The results of these tests were evaluated 
in terms of changes in physical appearance (i.e., swelling, color change, etc.).


The perfluoroelastomer did not undergo any perceivable changes in surface 
appearance or size. Thus, at least from data indicated from the ambient 
immersion tests and the three-day elevated temperature tests, both the stan­
dard and low temperature formulations of perfluoroelastomer are quite com­
patible in Coolanol 15. The usual differences between members of a family 
of transport fluids (i.e., Collanols 15, 20, 25, 35, 40 and 45) are the 
transport and thermophysical properties; usually, the solubility of the fluid 
with other materials does not vary significantly between members of the same 
fluid family. Thus, it is expected that perfluoroelastomer would be com­
patible with any of the Coolanol silicate ester fluids. (Similar compati­
bility is expected of the Freon "E-series" fluids for elastomers which have 
been shown to be compatible with at least one of the "E-series" fluids.) 
Behavior of Viton B in Coolanol 15 at 2000 F for three days showed a shrink­
age of about 8% in diameter, with no apparent loss of flexibility. 
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Elevated temperature chemical compatibility tests were conducted 
with several samples of NP-1880 polyurethane immersed in Coolanol 15 for 
continuous exposure in excess of 500 hours (21 days) at temperature levels 
of approximately 140, 160 and 1800 F. These tests were performed in support


of the basic Inflatable Radiator program change to incorporate a more 
flexible tubing material (as compared to FE? Teflon) in the soft tube design 
scaled test article. As indicated above, NP-1880 polyurethane was found 
to be one of the most promising alternate tubing candidates, used in con­
junction with Coolanol 15 as the transport fluid. Significant discoloration 
(yellowing) was observed in the 180°F MP-1880 samples. The 160'F samples 
were moderately discolored and the lh0 F samples were only slightly discolored. 
It was also observed that longitudinal curling of the polyurethane samples 
increased with increasing temperature. Earlier hot case exposure test results 
for MP-1880 polyurethane/Coolanol 15 at 2300 F for 72 hours indicated similar 
behavior in discoloration and curling. Pressure testing of the 230'F - 72 hour 
sample and the 160°F - 500 hour sample showed no apparent loss in strength, 
as these samples were capable of withstanding 300 psia burst pressure for 
approximately one-half hour (virtually equivalent results as for the MP-1880 
sample which had undergone no chemical compatibility tests)­
3.5.3 	 Materials Analysis and Selection 
The transport fluids in Table 10 that may be considered after applying 
the fluid selection criteria of Section 3.5.2 are General Electric F-44 and F-50;


Freons E-3, E-4 and E-5, and Coolanols 15 and 25. For a given environment


heat load and radiator configuration that has tube wall thickness dictated by 
meteoroid protection (i.e., the tube wall thickness required for micrometeoroid 
protection is greater than that required for fluid pressure retention), the


fluids may be compared directly by requiring equivalent fluid AT thru the


radiator. This is tantamount to requiring equal heat removal capabilities


for each 	 fluid. Thus for each fluid, the mass flowrate is determined and,


together 	 with the fluid transport properties, pressure drop and pumping power


penalty may be determined. Table 13 shows the results of this analysis, where


the pumping power penalty is compared to the baseline fluid (R-21). Shown in 
Table l4 	 are tube wall thickness requirements for the elastomers that were 
compatible with either Freon E-2 or Coolanol 15 and their associated wall


ll


temperature drop. -
The wall AT is essentially the same for all of the final tubing


candidates. Table 13 indicates that from a pumping power requirement stand­
point, Coolanol 15 is superior to the other fluids. Availability, cost, 
compatibility and extended testing has resulted in the choice of Coolanol 15 
as the preferred transport fluid and NP-1880 polyether urethane as the pre­
ferred tubing material. 
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TABLE 13


FINAL SELECTION CRITERIA FOR TRANSPORT FLUID


PUMP POWER 
FLUID AP(PSI) PUMP POWER(LBM) (PUMP POWER)R_ 21 
E-3 75.1 149.2 5.7 
F-4 132.9 259.3 9.9 
E-5 217.6 417.3 15.9 
F-44 3o44. 7038. 269.o 
F-50 Insufficient property data (but similar to F-k4) 
C-15 58.4 1214.7 4.8 
C-25 171.9 357.1 13.6 
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TABLE 14 
TUBING WALL THICKNESS AND AT SUMMARY 
THERMAL 30-DAY 
DENSITY CONDUCTIVITY T AT 
TUBING (SP GR) (BTU/HR-rT­0 F) - (IN) (OF) 
FEP Teflon 2.15 .11 .037 4.05 
MP-1485 i.o4 .12 .053 4.56 
MP-1280 i.o4 .12 .053 4.56 
MP-1880 1.04 .12 .053 4.56 
ECD-006 2.0 A' .11 .038 4.13 
Viton B 1.4 ' .11 .046 4.71 
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3.6 Engineering Model Inflatable Radiators


Engineering model test articles were fabricated and tested in the


Vought Space Environment Simulator. Drawing No. T-213-SK03 - Inflatable


Radiator Soft Tube Concept, and T-213-SK04 - Inflatable Radiator Hard Tube


Concept give full scale details of the test articles. Both drawings have


been transmitted to the NASA Technical Monitor. Figures 32-39 are photo­

graphs of the engineering models.


3.6.1 Soft Tube Test Article


The soft tube model is 37" wide x 72" long and contains twenty 
equally spaced transport tubes. The test article simulates one panel of 
the 3-panel flight configuration defined in Vought drawing T-213-SKIl and 
shown in Figure 2. The test article is smaller in size and does not have 
the watchspring retraction subsystem of the full scale system. 
Figure 40 sketches the general overall test article configuration


and its principal elements. The article was mounted horizontally in the


test chamber, and rolls out on guides with deployment similar to a party


whistle. The tubing is constructed from polyurethane and is arranged in


U-shaped flowpaths which begin and end at adjacent manifolds located at the


end of the panel nearest the deployment box. The tubing is bonded between


two sheets of fin material with SR-585 adhesive. The fin material and in­

flation tubing were fabricated by Sheldahl Advanced Products Division.


Each layer of the fin material consists of two mils of Teflon coated with


o


12,000 A of silver. The inflation tubing was inserted into sleeves formed


at the sides of the radiator, and the radiator was deployed from a 6" dia.


spool by pressurizing the tubing with nitrogen gas at 15 psi. No watchspring


retraction system is incorporated in the test article. Instead, the rewind


moment applied by the watchapring is simulated by a cable which is wound


around the 6" dia. spool and retracted by an electric motor.


The purpose of the deployment box is to permit simulation of


deployment from a stowage compartment in the spacecraft into a cold space


environment. The box simulates a 200F stowage compartment and is pulled


away from the radiator immediately following deployment so that the infla­

table panel can be exposed to a well-defined chamber environment for


thermal vacuum heat transfer measurements. A multilayer insulation curtain
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FIGURE 32 HARD TUBE FLEXIBLE RADIATOR TEST ARTICLE 
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3. 	 Demonstrate structural integrity over the range of 
expected nominal and limt case operational environ­
ments under steady state and transient conditions. 
4. 	 Obtain experimental data on tube and fin temperature 
drops and tube-to-tube and longitudinal gradients to 
evaluate test article integrity and analytical pro­
cedures. 
Since the engineering models are not full scale it was not possible


to test them at the correct flowrates while maintaining the fluid outlet


temperatures at the value which would occur with a full scale system.


Therefore, test sequences were executed with the flow-ate adjusted to give


the correct outlet temperature but incorrect Reynolds number, and with the 
correct Reynolds number but incorrect outlet temperature. 
Table 15 summarizes the test sequence for the hard tube radiator.


Test points 1-4 were conducted before the radiator was flexed as required


in retraction and deployment to obtain baseline performance data for


assessing possible damage which might occur in deployment/retraction. For


test point 5 the radiator was subjected to several deployment/retraction


cycles at ambient conditions to obtain spring force data and to observe


how the radiator fin material reacts to the stress of deployment and re­

traction. Test points 6, 7, and 8 were designed to evaluate the radiator


performance after repeated deployment and retraction in a cold vacuum


environment.


Table 16 gives the test sequence for the soft tube engineering


model. The test article was deployed and retracted approximately 50 times


at room ambient conditions prior to thermal vacuum testing, and was de­

ployed from a 70OF box in a -310'F vacuum environment at the beginning of 
the test. Test points 1, 2, 3, and 7-B were executed to establish the


steady state performance characteristics of the fully deployed radiator, 
and 	 test points 6-B and 6-C to determine the heat rejection at partial


deployment. Test point 4 demonstrated that the system would function at 
the high temperature operating limit, and test point 2-A demonstrated that 
the system thermal performance had not degraded during the test. 
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TABLE 15 HARD TUBE INFLATABLE RADIATOR 
TEST 
POINT TEST CONDITIONS 
1 -3100 F Environment, Representative Tin and Tout 
2 0F Environment, Representative Tin and Tout 
3 0F Environment, Representative Flowrate 
4 OF Environment, 160'F Inlet Temperature 
5 Ambient Retraction/Deployment 
6 00F Environment, Vacuum Deployment 
6-A Same as Test Point 1 
6-B Same as 6-A, But Radiator Half Retracted 
6-c Same as 6-A, But Radiator Fully Retracted 
6-D Same as 6-A 
7-B -40F Environment, Representative Tin and Tout 
8-A Same as 7-B After 5 Retraction/Deployment Cycles 
8-B Same as 7-B After 10 Retraction/Deployment Cycles 
7-A -310'F Environment, Low Flow Cold Soak 
7-C Same as Test Point 1 
TEST OUTLINE 
COMMENTS


Performance prior to deployment 
Performance prior to deployment 
Design Re., 650F avg. temp 
Hot Limit Structural Integrity 
Deployment Data 
Deployment Data 
Effect of Deployment


Retraction/Deployment in Cold Envirn.


Retraction/Deployment in Cold Envirn. 
Retraction/Deployment in Cold Envirn.


Intermediate Environment


Intermediate Environment 
Intermediate Environment 
Structural Integrity


Effects of Test


TEST 
POINT 
 
A 
 
B 
1 
2 
3 
7-B 
 
H 6-B 
00 6-c 
4 
 
2-A 
TABLE 16 SOFT TUBE INFLATABLE RADIATOR TEST 
TEST CONDITIONS 
 
Ambient Retraction/Deployment 
 
-310'F Environment, Vacuum Deployment 
-310F Environment, Representative Tin and Tout 
 
0F Environment, Representative Tin and Tout 
00 F Environment, Representative Flow Rate 
-30OF Environment, Representative Tin and Tout 
Same as 7-B, but Radiator Half Retracted 
Same as 7-B, but Radiator Fully Retracted 
00F Environment, 160OF Inlet Temperature 
 
Same as Test Point 2 
OUTLINE 
COMENTS


Deployment Data


Deployment Data 
Steady State Performance


Steady State Performance 
Steady State Performance


Steady State Performance


Steady State Performance 
Steady State Performance


Hot Operating Limit


Effects of Test 
Several test points were planned which could not be completed. 
Test point 4 of Table 17 was designed to test the hot operating limit 
of the hard tube radiator. The system became inoperable when the flexible 
Teflon tubing connecting the aluminum tubing to the manifolds began to


leak Freon into the vacuum chamber. The failure occurred when the fittings 
joining the Teflon and aluminum loosened because of cold flow of the


Teflon at elevated temperature and pressure. Test points 7-a and 7-c were 
designed to demonstrate that performance would not degrade after the radiator


had operated at extremely low temperatures. It was not possible to operate


the radiator at the conditions of low flow scheduled for test point 7-a


because an instability occurred which caused the flow to stagnate in most


of the parallel flow passages. Post test analyses showed that the flow


stability is predictable from the properties of the Coolanol 15 transport


fluid. It was necessary to warm the environment simulation cold walls to


allow the radiator to recover from the flow instability. Insufficient LN2


remained to re-cool the shroud after the flow had been re-established.


Therefore, test point 7-C could not be executed. Test point 2-A was


scheduled in place of 7-C to determine the effects of the test on the 
radiator performance. 
3.6.3.1 	 Test Set-Up


Figure 42 shows the arrangement of the test article and environment
 

simulation shroud in the Vought 1 2 ' chamber. 
Environment Simulation 
Environment simulation was effected with a 6' isothermal shroud. 
The closed end of the 6' shroud was inserted toward the lamphouse. The 
back plate was installed so that the venwing/illumnation cutout (about 
15-1/2" x 34-1/2") is on the lower half of the plate, and viewing of the 
test article was through the lower 2 rows of solar ports. (Deployment of 
the test 	 article is toward the lamphouse). To make room for the test


article, deployment box, deployment mechanism and deployment supports it 
was necessary to "stand off" the 6' shroud door plate several feet. 
The resulting ring-shaped gap in the 6' shroud cold wall was insulated with 
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RIPoDUO I[Myn OF THE 
r "It PAGE 18 pOol 
0 
TABLE 17 
 TEST POINTS NOT COMPLETED


TEST ARTICLE TEST POINT 
 TEST CONDITIONS 
 COMMENTS


Hard Tube 4 OF Environment, 1600F Inlet Teflon Tubes Leaked


Soft Tube 
 7-A -310'F Environment, Cold Soak Flow Instability Occurred
Soft Tube 7-C -310'F Environment, Repeat Test Point 1 Warmed Shroud to Recover Flow 
covers the front of the box as shown in Figure 40. The radiator panel


pushes the curtain out of the way as it unrolls, then the box is re­

tracted from over the manifold area.


Test article instrumentation consists of thermocouples located


on the tubes, fins, and manifold. The thermocouples are designed and


fabricated as an integral part of the test article.


3.6.3 Hard Tube Test Article


The hard tube engineering model is 28" dia. x 45" long and con­

tains twenty parallel flow 3/16" dia. aluminum transport tubes. The test


article was fabricated as a joint effort of the Vought Materials Laboratory


and Space Environment and Systems Test Laboratory. The test article


simulates the flight configuration defined in Drawing T-213-SK02 and shown


in Figure 1. The test article is smaller in size and does not have the


STEM retraction subsystem or the fluid loop components of the full scale


system.


Figure 41 sketches the general overall test article configuration


and it's principal elements. The article was mounted horizontally in the


test chamber to minimize gravity effects and was supported during deployment


on a steel bar passing through the center of the radiator as shown in


Figure 38. Loads are transmitted between the radiator and support bar


through ball bearings which reduce friction forces during deployment.
 

The test article cylinder diameter and number of tubes is 2/3 
scale relative to the flight article. The coil helix angle is 200 at the


extended length of 45", and about 1.4 turns of each coil is required.


The spring was wound at a free length of 48" (about 210 helix) in order to


obtain a preload of about 1.8 lb at the extended length. Eighteen of the


tubes are 3/16" 0.D. 6061-T6 Aluminum, and the remaining two are 3/8" O.D.


6061-T6. The 18 small tubes carry the transport fluid from the supply


manifold to a similar collection manifold at the opposite end of the ra­

diator. The two large tubes pick up fluid at the collection manifold and


deliver it to a return manifold at the bottom of the coil. The return tubes


are spaced 1800 apart. Centerline spacing of the tubes is 1.5" when the


coil is extended. A support ring on each end of the cylinder is provided
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40 layers of multilayer insulation. All coldwalls of the 6' shroud were 
also insulated with about 40 layers. 
For cold case runs the 6' shroud and chamber cold trap were cooled 
with LN2 . (Cooling of the main chamber walls was not required.) For 
hot case (TP2, 3, and 4) and intermediate case (TPB) tests the shroud was 
cooled to slightly below 0F and -30'F, respectively, by flowing chilled


GN2 through the 6' shroud LN2 passages. For transition from cold-to-hot
 

conditions (TPl-to-2 and TPTB) and chamber warmup it was necessary to purge 
the LN2 with GN2 . 
The existing chamber GN2 warmup system and blower were used for 
ON2 cooling of the shroud, with LN2 injection upstream of the heater to 
provide temperature depression. 
A deployment box was used to simulate the Inflatable Radiator 
stowage compartment. For thermal vacuum deployment tests (TD3, TP5B) it 
was necessary to heat the box to about 70OF prior to deployment, then 
retract the box and shut-off its heater power after deployment to thermally 
remove the box from the test. A multilayer insulation blanket (40 layers) 
was applied to the front (test article face of box) and sides of the box 
(extending around the support structure as shown in Figures h0 and 41) to 
further isolate it from the Inflatable Radiator and the chamber. For the 
hard tube test article the front of the box was insulated only outside the 
area defined by the four test article support legs. To compensate an


insulation blanket about 28 inches in diameter was applied to the bottom


of the hard tube test article "cylinder". A similar blanket was applied 
to the top. For the soft tube test article the multilayer insulation was 
installed in such a way to allow the insulating blanket to re-cover the


front of the box after deployment.


Deployment/Retraction Mechanism


The previously mentioned guide bar through the center of


the hard tube test article was used in connection with appropriate


actuators/releases to allow the radiator to deploy by itself from the


deployment box. The actuators provided the capability for remotely re­

tracting the radiator for testing in the vacuum environment. A retraction 
mechanism for the deployment box, which allows the box to be withdrawn
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clear of the test article, was also provided. During ambient deployment 
tests (TP5A) the forces required to retract the hard tube radiator (about 
30#) were measured with a scale. Forces for full extension to 45" were 
also measured at that time.


The deployment system and associated support and force measurement 

equipment for the soft tube test article are defined in the referenced 
drawings. A nitrogen bottle and regulator/indicator were provided which 
are capable of pressurizing the 2" gas inflation tubes to up to 30 psig. 
Weights for the pulley system used to simulate the flight retraction system 
restraint forces were supplied for calibrating purposes, and restraint 
forces vs inflation pressure were determined during ambient deployment tests. 
Actuators for retracting the soft tube radiator remotely were provided for 
thermal vacuum testing. 
Viewing 
Final positioning of the test articles and shroud in the chamber 
considered the necessity to observe the proper deployment during thermal 
vacuum testing. Lights (remotely switched on), mirrors, and a scale to 
verify extent of deployment were installed in the shroud in such a way as 
to provide minimum thermal interference. During ambient tests video-tape 
and still photography films of the deployment were recorded. 
Flow Bench


The hard tube test article was tested with Freon 21 in the flow 
loop. Flow in the range from about 10 pph to 500 pph was required. System 
pressure was regulated to avoid damage to the test article. For protection


of the Teflon flexlines, the test article inlet pressure was not operated


above 100 psig (referenced to vacuum) for any test point except TP4. Test


point 4 is a limit case, and pressure at the test article inlet was in­
creased to 120 psig (referenced to vacuum) to avoid Freon 21 flashing.


The soft tube test article was tested with Coolanol 15 in the 
flow loop. Coolanol 15 is a very low vapor pressure fluid (10 mmHg @ 200 0 F) 
and, thus, system pressure was driven by flow pressure drop. Since Coolanol


15 is also highly viscous, large delta-p's occur. Maximum test article


pressure drop at the highest flowrate of about 125 pph is approximately 
20 psi. Flowbench changes and operating procedures to use Coolanol 15
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avoaded test article inlet pressures in excess of 70 psia -(referenced to 
vacuum) to protect the Urethane 1880 tubes.


Hard Tube Test Article Instrumentation
 

Figure 43 and 44 show the approximate locations of


the 50 thermocouples on the hard tube article. The thermocouples


attached to the tubes, manifolds, and structure (#36 guage Cu-Cn)


were spot-welded. The fin root and midpoint thermocouples (#4o


guage Cu-Cn) were sewn into the fin material. Thermocouple leads


were run parallel to the tube spirals.
 

Other test article instrumentation included fluid inlet and out­

let temperature and differential temperature, as specified in Figure 45


using the same instrumentation as previously used for element tests of 
Reference (7). Also, fluid inlet pressure and inlet-to-outlet delta-P


should be measured at the test article fluid inlet/outlet.


Soft Tube Test Article Instrumentation
 

Figure 46 shows the 50 thermocouple locations on the soft tube
 

article. The fin and tube thermocouples were laminated into the test


article during fabrication, and are #40 guage Cu-Cn. The installation is


like that of the square-foot soft tube test article, Reference (6).


Thermocouple leads were made to run parallel to the tubes. Thermocouples


attached to the manifolds and other metal structure were spot-welded and


are #36 guage Cu-Cn. Fluid temperature and pressure instrumentation for 
the soft tube test article was the same as for the hard tube article.


Facility Instrumentation


The deployment box was instrumented with three thermocouples,


one on the back (facing the supporting plate), one on the side, and one on


the front (facing the test article). The existing shroud thermocouple
 

instrumentation was used (17 T/C's). One thermocouple was attached to the
 

structural supporting plate behind the deployment box which mounts the


hard tube test article. For the soft tube tests a thermocouple was required 
on the -155 mounting bracket which attaches the test article manifold


assembly to the support rails. In addition, one of the "inverted-V"


deployment rails was instrumented about midway between the vertical cross


braces.
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Existing facility instrumentation was used to measure the following.


Flowrate. 10-500 pph Freon 21 (Hard Tube) 
15-125 pph Coolanol 15 (Soft Tube)


Fluid System Pressures


Fluid Delivery and Return Temperatures to 
Test Articles


Chamber Pressure


GN2 Supply Temperature


Data Recording 
Test article and facility data were recorded by hand on data 
sheets and selected data were relayed directly to a computerized data re­
duction system which stored the test data on magnetic tape and printed 
tabulated results at regular intervals. The printed output was relayed 
in real time by closed circuit television to a set at the flow bench. Fluid 
inlet and outlet absolute temperature and differential temperature using


the thermally isolated Swagelock fitting arrangement were displayed on a 
digital voltmeter capable of reading to 0.001 my. Both the test article and 
the fluid temperature indicators had a thermocouple running to an ice bath 
for a real-time check of accuracy. Flowmeter readings were corrected to


account for fluid density variations with temperatures. Table 18 gives the 
correction factor for each test point.


Analysis of Test Environment 
Figures 47 and 48 are approximate scale cross sections of the 
installations of the engineering model radiators in the test chamber. The 
figures show that the test environment consists of coldwalls, reflective 
aluminized mylar surfaces, and an open window. View factors from represen­
tative points on the two radiators to the environment surfaces are given in 
Figure 49. Analyses summarized in Figure 50 show that heat rejection is 
reduced by approximately 5% because of reflected radiation from the aluminized


mylar and irradiation from the open window. Locally the heat rejection is


reduced by about 9% near the base of the radiator, and by about 2% near the


tip of the radiator.
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Flow Calibration Tests


Prior to thermal vacuum testing the engineering model radiators


were tested for uniformity of flow distribution by measuring the rate of 
flow in each individual tube. This was done by disconnecting the tubes 
from the outlet manifolds and flowing water through the radiator. The 
flowrates were determined by weighing the water collected during prescribed 
periods of time in glass beakers placed under each tube. The samples were


collected simultaneously to eliminate the effects of small variations in 
total flow with time. Table 19 gives the percentage deviations from the 
mean flow per tube computed from data collected from several flow calibra­
tion tests of the two radiators. The results for the soft tube model show 
that tubes 1, 3, 7 and 13 have relatively low flow, and that tubes 4 and 
16 have noticably higher flow than the remaining tubes. The low values of


flow are probably caused by flow restrictions where the polyurethane tubing


has been flattened or bent about a short radius. The two tubes with high


flow apparently have fewer flow restrictions or larger diameters than the


remaining tubes. Tubes 15 and 16 of the hard tube radiator have unusually


high flow. This is believed to be a result of the diameters being slightly


larger for these tubes than for the remaining tubes. There was no crimping


of the aluminum which would create flow restrictions in the hard tube


radiators,and the manifolds do not favor high flow in any of the tubes. 
The flow distribution obtained for the models is sufficiently


uniform for obtaining near optimum heat rejection. The nonuniformities


that do occur in the engineering models are expected to be more severe than


any which might occur in the full scale system. The reason is that the


longer tubes of the prototype wll induce frictional losses which are large


in comparison to the more unpredictable minor losses associated with bends


in the tubing.


Retraction Force For the Hard Tube Model


Force versus retraction distance,measurements were made for the 
hard tube engineering model to obtain data for sizing a retraction mechanism 
for future systems. The test article was supported by a rigid steel tar 
by means of a ball bearing, and was retracted horizontally to reduce fric­

tion and gravity forces. The data presented in Figure 51 shows a linear
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TABLE 19 
FLOW DISTRIBUTION TEST RESULTS 
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relationship between retraction force and displacement for the first


30 inches (67% of the radiator length). At this point the radiator


fin material begins to interfer with the motion of the tubing and the


force required for additional retraction increases rapidly. It is


expected that some damage would occur to the fin material if the radiator


were compressed far beyond the linear region.


3.6.4 Thermal Vacuum Test Results


Table 20 summarizes the test conditions and radiator perfor­
mance in terms of heat rejection for the thermal vacuum test. More


detailed information and analyses of the data are provided below. The


heat rejection data in Table 20 shows that the radiator performance did


not degrade as a result of the test. Test point 7-C for the hard tube 
radiator has nearly the same inlet temperature, ambient temperature, and 
flow rate as test point 1, but was executed at the end of the test whereas 
test point 1 occurred at the beginning of the test. The heat rejection


for the two points is essentially the same. Also, test points 7-B, 8-A,


and 8-B which show the effects of repeated deployment and retraction on


radiator performance indicates no degradation in heat rejection. Similarly, 
test points 2 and 2-A for the soft tube radiator which were executed at 
the beginning and ending of the test respectively have approximately equal 
values of heat rejection. 
Test points 6-A, 6-B, 6-C, and 6-D for the hard tube model, and 
test points 7-B, 6-B, and 6-C for the soft tube model give heat rejection 
for partially deployed radiator configurations. The results are plotted 
in Figures 51 and 52. The relationship between heat rejection and extent 
of deployment is not linear because the average radiator temperature decreases 
as the radiator is deployed at constant flowrate. Also the average 
radiator fin efficiency is a minimum when the panels are fully deployed. 
Analysis of Hard Tube Model Test Results


SINDA computer models were constructed which account for all forms


of thermal interactions between the various components of the engineering


model and the walls of the environment simulation shroud. The computer


model of the hard tube test article given in Appendix D predicts the radiator


performance with great accuracy. Table 21 compares the experimental and 
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predicted heat rejection and outlet temperatures for cold (-311F) and 
warm (-20'F) environments. The results for the cold environment agree 
almost exactly, and the results for the warm environment agree within 
what is believed to be experimental error. The small discrepancy for


TABLE 21 
COMPARISON OF EXPERIENTAL AND PREDICTED THERMAL PERFORMANCE 
OF THE HARD TUBE TEST ARTICLE 
TEST TIN T TOUT(El?) TOuT(PlED) Q(EXP) Q(PRED) 
POINT (OF) (LB/HR) (OF) (OF) (OF) (BTU/HR) (BTU/HR) 
1 96.3 164.2 -311 37.6 37.6 241o 2410 
2 94.6 62.1 -20 34.8 28.6 925 0144 
the warm environment is probably caused by inconsistent control or modeling


of the cold walls. It is difficult to maintain the environment walls at


steady uniform temperatures. At the higher ambient temperatures small 
variations in the coldwall temperatures have a large effect on the heat


rejection from the radiator. Thus any error in modeling or maintaining 
the environment would be reflected in the test results. For cold ambient 
temperatures errors in representing the environment have less impact on 
the radiator performance and the predicted performance depends more on the 
modeling of the radiator itself. The fact that the experimental and pre­
dicted performance agrees for this case indicates that the actual radiator 
construction and thermal properties are near the design values.


One area of uncertai~ty in the construction of the hard tube


radiator concerns the thermal contact between the tubes and the radiator


fins. The fins are glued to the tubes in such a way that it is difficult


to predict the exact value of the joint conductance. Figure 54 shows that


the contact resistance acts in series with a resistance associated with


convection inside the tubing and a resistance associated with radiation


from the fins. The values of the series connected resistors are plotted


versus the temperature at the base of the radiator fin in Figure 55. For


temperatures in the range of the thermal vacuum test the contact resistance
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is a small part of the total so that it has a relatively small effect
 

on the heat transfer from the radiator. Figure 56 shows that if the con­

tact resistance is four times as large as expected the heat rejection 
is reduced by approximately 10%. Averaged values of the contact resis­
tance determined from thermocouple readings for test points 1 and 2 are 
given in Figure 57. The results which are sensitive to experimental error 
indicate that the actual contact resistance is less than is predicted based 
on a glue contact angle of 450, as shown in Figure 54. Typical comparisons 
between predicted and experimental temperatures for the hard tube test 
article are given in Figures 58 and 59. 
Additional test data for the hard tube engineering model are given


in Appendix E . All of the test results indicate that the test article


performed almost exactly as had been expected.


Analysis of Soft Tube Model Test Results


The SINDA computer model for the soft tube test article is given 
in Appendix E. Unlike the hard tube model, the soft tube radiator did not 
reject heat at the predicted rate. Table 22 shows that the experimental 
heat rejection is approximately 25% lower than predicted. 
TABLE 22


COMPARISON OF EXPERIMENTAL AND PREDICTED THERMAL PERFORMANCE


OF THE SOFT TUBE TEST ARTICLE


*(EXP) *(PED) Q(EXP) Q(PRED)
TEST TIN TOUT T 
POINT (OF) (OF) (OF) (LB/HR) (LB/HR) (BTU/HB) (BTU/HR) 
1-B 95 36.2 -311 63.2 86.0 1607 2219 
2 92.4 31.5 0 24.1 31.2 624 781


The low thermal performance of the soft tube test article is


believed to be caused by nonuniformities in the thickness of the silver


conducting layer in the radiator fan. Table 23 compares the expected and


measured silver layer thickness of seven samples taken from the fin stock


used to construct the soft tube test article.
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TABLE 23


SAMPLE-MEASUREMNTS OF SILVER IAYER THICKNESS


FOR THE SOFT TUBE TEST ARTICLE


MEASURED THICKNESS EXPECTED THICKNESS 0 
o0 
 
SAMPLE NO. (A) 	 (A)


2604 10,000 12,500


2613 10,000 12,500


2614 5,000 12,500


2610 5,000 12,500


2617 18,000 12,500


2591 9,000 12,500


2528C 11,000 12,500


The sample thicknesses were measured with a scanning electron 
microscope, and were selected randomly from the seven sheets of fin stock 
used to construct the soft tube test article. Since the measured thicknesses 
are much lower than they were designed to be, the radiator would not reject 
heat at the expected rates. Table 24 compares the fin efficiencies that 

would result from the silver film thicknesses of Table 23. 

TABLE 24


APPROXIMATE 	 FIN EFFICIENCY FOR MEASURED SOFT TUBE


RADIATOR FILM THICKNESSES


FILM THICKNESS 	 FIN EFFICIENCY 
(A) 	 (%) 
10,000 78


5,000 51


18,000 92


9,000 75


11,000 	 81
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The average fin efficiency from Table 24 is 0.72. This is approximately


15% lower than the expected value of 0.85. The measured heat rejection


in Table 22 is also low because the flow rate was lowered during the test


to obtain the required outlet temperature. Because of the low flow, the


temperatures are lower than predicted at the end of the radiator opposite


to the inlet and outlet manifolds, and the emissave power of the radiator


is reduced. Figure 60 compares the predicted and experimental temperatures


at various locations on the panel for test point 1-B. The results show that


the experimental temperatures agree with the theoretical temperatures near 
the inlet and outlet manifolds, but are about 150 F lower than predicted at


the opposite end of the panel.


The radiator fin efficiency has the largest impact of any of the 
unknowms in the panel construction on heat rejection. Figures 61 and 62


show that the thermal resistance associated with radiation from the fin is 
much larger than the resistances from other sources. Thus it is likely that 
the cause of the reduced performance is reflected in this term. The two 
radiator fin properties which appear in R3 are the surface emissivity and 
the conductance of the fin material. Separate measurements made by NASA/JSC 
showed that the surface emissivity is actually slightly higher than expected. 
Therefore the thickness of the silver film is the most likely source of 
error. 
Figures 63 and 64 compare predicted and experimental temperatures 
near the manifolds of the soft tube test article. The errors are not large, 
thus confirming that the thermal resistances are near the expected values. 
The tubes of the soft tube radiator are raised so that the actual 
radiating area is 7.4% larger than the projected area of the panel. However,


because the tubes block radiation from the fins and do not have a full 
view of the environment, the emissive power is not increased by this amount. 
Figure 62 summarizes an analysis of the non-planar surface which shows that 
the emitted radiation is increased by only 0.2%. 
A flow instability occurred during the cold soak of the soft tube


test article which has since been shown to be predictable from the viscosity


versus temperature characteristics of Coolanol 15. Figure 66 shows a profile


of the outlet temperatures measured during the cold soak. The figure shows
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that at 10 minutes elapsed time with the flowrate at 31 lb/hr the'outlet 
temperatures for tubes 7 and 12 had dropped below the temperatures of 
the remaining tubes. Eventually tubes 1 through 15 experienced uniformly 
low temperatures while 16 through 20 attained a uniform temperature level 
more than 50'F higher than the colder tubes. A study documented in Ref.(8) 
shows that this type of performance can be caused by a flow instability 
which allows the flow to stagnate in the tubes of parallel flow space 
radiators. Figure 67 defines the approximate limits of stable operation 
for Coolanol 15 computed from equations in Reference (8). For a 70'F inlet 
temperature flow instabilities are expected to occur when the outlet 
temperature drops below -500 F. Thus the operating conditions during the 
cold soak were well into the unstable region. Table 19 shows that tubes 9 
and 13 normally have lower flows than the remaining tubes. Because of 
this the outlet temperatures of these tubes reached the unstable limit 
before the others. As the flow stagnated in tubes 7 and 13 the adjacent 
tubes were cooled and also entered into the unstable region. All of the 
tubes did not stagnate because the flow lost in the stagnated tubes accumu­
lated in the remaining flowing tubes and kept the outlet temperature 
above the minimum stable limit. 
The stable operating limit depends on the viscosity/temperature 
relationship of the transport fluid. Figure 68 compares the stability curves


of three candidate flexible radiator transport fluids. The figure shows 
that the stable operating region is much narrower for Coolanol 15 than for 
the other fluds. This is a significant factor to be considered in selecting


the transport fluid for future designs. 
3.6.5 Computer Analysis of Engineering Model Inflatable Radiators 
SINDA computer models were constructed to provide accurate


theoretical predictions of the test articles transient thermal performance. 
The models account for all forms of heat transfer from the elements of the 
test articles to the environment simulation walls, and contain logic to 
determine the distribution of flow in the parallel passages of the radiators. 
Listings of the computer routines for the two test articles and example are 
OF T EELTYpR.RDUB171 ORGINllAL PAGE IS POOR 
--------------------------------------------------------------------------------------------------------------
- - - -
__ 
--
__ 
____ 
I 
I 
-frn~
- -n- " 
IJ I~ -4I~*~ -, 
I I I -, 1 
1'11 , I', 
-
I-
I I I 
I, ,-. 	 I.­
1 -
..It' 
­
wLj 	 F:-.---. 
-: ~ 7 	 -~

I ~I ' 	 ''~ 'I - I-- I- -,
-
-
--- I,1~~ 
i
~I 4 
-
__ 
- 4.,-t- r-'- - ­I'-1 	 
2~ -- _ 	
-­
__ 	 - II
-
-,
-' -1 *~, -~ 29: -Lxv 
K ­

~ 

-i :x-<~1 .xzu w4tz :c. ~i ­
-
-- 4'I-., 
.. 2>t1w:z - - 7 %ESt2> 	 S - '-- -~ ~ 
--'a- - - -~ 
-~ - -< 
-I---, -	
­14I------IL­I-	
- 4­i .4 
- -j-. -- 4-,- ~tr7F 
-' 
I 	 
­
.. t..A~w 	 22 A----­
­
-; - .- -~ ~~1~ ~ ­

-.------ ,---- ------ -n
 
I 	 
r 	
-­
__________________j~4-~ - ---- - r'-	 ~r~ 
- -- I - -- - - -- S ­
r 	
 
- -rW-IZZW 
 ntJtt~z­
4 
-
~ --- rrr -- -­
-- -- ,- ­

-- - - - -- 4 - - -­

_ _ ~ 	 -

.- --	 tTErtErs-	 Ar -- -- .Zt w-s- ­
A-	 4 F
-*~~- -----­-- - _ '-H--­ _-----------­
-2tfl~-- ~ - -- rF- ---- A-- ~iEE 
1 4-T
~974E--"- Wfl- -- -­

__ ­

-	
I 
Hzr~ :z~tw~[k-4t so­
___ 
Iit~		 7 ? -V 
w:fZzI 
~ 
- L 	 ­

fVv~4t ~


-717 fr-
F -+~~-~I-: t f..::j-;.r27 1EV 
7rr 
-, - .2- ­ ~~~1~~~~ 
.i F 4 tiIIbts 	 ii 
I ~-- ~fr I 	 ________I- I 1- _ 
L~-H5Q~ -I-r-4E-Y---&' -, ­
7 .- ~-- '~i2ii 1 '-1 
F ii '-'i;- ___ 
- .7K.-	 -- - iti~TW7~ 	 _ 	 
I- 1141k vtlji2Vi "4 
Kt -- V 
2K ' iL~~i-._____ 1<' HP 
I I flflKLIKLLJ;2.A -
'I ~ 'z±rztL.~zu!rx~' -

Th -I- Ii ~


4141_~4JL'- a hFIl?.4HL Ifrn 
 p I

1 
I ' I I I n~j 
PPRIO~YJM rgwslaa 11 cutvE4eOPffiCQO4'AM~ t~dff 
I- ' ii I II 1~ <'HILizt 
 
_ 
 
_ _ 
u±LzIi I 
I jjj 2 
 
III jil

 t 
L.. IHitLi 172 II- I 
I 
-- -'_ 7 7 f -,4t r--F '+-	 -,,-I ­
7 'j, 
, , -
7-	 11-~ 
-
- r Tt , : 
-

- 11 + - . . 
.

-r, 
­
-
I IT I 	 _ 
i ,'-- -I-	 I,44 4 -tI i , ­i--
- -- - -- -- -------- - i= r 
 r-* I Ii­~Lff~,--- ,; +-, ­---- '-
 + -+-
e

.... 
 + 
-, 2- ', 9' Q j--E L 12---

r ' 	 L 
.. 
 
.. ....


--	
4 1._ .j r ' ' 

- , I,,-I. ..	 " .. 
, . 	 ­r , F +r ...I .A .I, C, i 	 . 
- - -
--;--, I-E7I .-
F '"-- + -t +-++- ,r "gi-
---L ' < f + 
- .. L . 
_ 4 .. . 
* 	
r 4 ++', I I - + .j_ -. , II 	 I-	
' 
- , ' " 'v I­
....­
1 . --S. - - I - ~tiAi
. 
4 .... 
­
___I 	
l I+-+ I,!

-­
 f .+, o t
1 
 
, 
­

-, I4~flnf4.JrflSIF 
i 
-­ 4 --­ ,, 
 [ ' 
 - , I ,, - 4 ­
- --
.... . -2-t... -r & 
.. . 
- - .. 
--	
i- 4-- 2P . I t j
. 	
­
.- .- -- - "­
. . .
 ... ­4- r£ ""jLira'- .1---q _---r.
,-	
.IA-I.., -+
-0_ _PA c _JM 	 _ .
.,L RI _	 _
 - tC~ g -_'-t S M fl Q A T 
- -t N L-A r*. . .. 
 it-q ­R'tD-,-, 
h -I 
­

- iI 
 L


,---

,-! 
­

173 ,-, 
4 
_ 
_ 
4C 

-- -&TAB4 
I - - ,. --r ---	 -- - -l l--i 
.. . 	 -EI 

' 0 ,- ", "T - - i-i 	 '. ,-,- + - ;-I-­
given in Appendices D and E. Details of the models are summarized below.


Hard Tube Test Article Computer Model


Because of the way that the manifolds and return lines are de­

signed for the hard tube test article, there is symmetry of flow and tem­

perature so that it is necessary to analyze only one fourth of the radiator.


Thus the computer model contains only six tubes as shown in Figure 69. 
Each of the tubes was subdivided into twelve nodes and the fins connecting 
each pair of nodes on parallel tubes were divided into five nodes as shown 
in Figure 70. The numbering sequence for the fluid, tube and fin nodes 
is shown in Figure 71. Additional nodes defined for manifolds and support 
rings are identified in Appendix D . Radiation exchange between elements 
of the radiator which view each other across the interior of the cylindrical 
cavity is accounted for by defining three surfaces with averaged properties 
of the nodes contained by the surface, as shown in Figure 72, and employing 
SINDA subroutine RADIR. Conduction resistances computed from equations 
such as are outlined in Figure 54 are given in Appendix D 
Calculations showed that the pressure drop in the manifolds is 
less than 1% of the pressure drop in the small diameter radiator tubes. 
Therefore it was possible to simplify the flow model as shown in Figure 72 
in the computer simulation. The flow in tube 6 is double the sum of the 
flows in tubes 1-5 because of symmetry built into the SINDA model. 
Soft Tube Test Article Computer Model
 

The computer simulation of the soft tube test article also takes 
advantage of symmetry, and does not account for the effects of the manifold 
on flow distribution. This makes it possible to reduce the number of tubes 
in the computer model without sacrificing accuracy in the predictions. The 
model contains five tubes as shown in Figure 73 which represent five tubes 
on the test article located at the outside edge adjacent to the inflation 
tubing. Hand analyses showed that edge effects are not significant for 
the fifth tube so that no loss in accuracy results from assuming that the 
interior tubes are identical to the fifth tube of the computer model. 
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Figure 74 identifies the nodes representing the inflation tubing, the


outside transport tube, and the deployment drum. The figure shows that 
each transport tube is divided into 16 nodes. The fans connecting


each pair of nodes on adjacent tubes are divided into five nodes as shown


in Figure 75. The numbering sequence for the fluid, tube and fin nodes
 

is shown in Figure 76. Radiation exchange between nodes on the radiator


and the walls of the environment simulation chamber is accounted for by


defining isothermal surfaces as shown in Figure 77 and employing subroutine


RADIR of SINDA. Conduction resistances computed from equations such as


are outlined an Figure 61 are given in Appendix E .


Computer Models of Flight Article Inflatable Radiators


SINDA computer models of the full scale system described in Figures


28 and 29 were developed to predict performance data for typical space environ­

ments. The computer models are similar to those developed for the engineering


models except that dimensions, conductances, view factors, etc. have been


changed to account for differences in size. Listings of the computer models


and example runs with typical flowrates and inlet temperatures are given in


Appendices F and G. Predicted performance data from the two models is 
given in Table 25. 
TABLE 25 
PREDICTED PERFORMANCE OF FULL SCALE 
INFLATABLE RADIATORS 
TYPE OF T T IN TOUT w Q Q 
RADIATOR (OF) (OF) (OF) (LB/HR) (BTU/HR) (KW) 
Hard Tube 0 95 38.6 1107 15,5h6 4.55 
-310 95 34 2970 45,111 13.21 
Soft Tube 0 95 33 378 10,077 2.95 
(Three Panels)*-310 95 35 1152 29,722 8.71 
* Analysis does not consider thermal interactions between panels 
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The results show that the hard tube model rejects more than had 
been estimated from earlier hand analysis (4 Kw at OF environment). The 
main difference between the hand analysis and the computer analysis is 
that the latter accounts for radiation emitted from the interior surfaces 
of the radiator which is transmitted through the fin material at other 
locations. This increases the heat rejection by about 10% as indicated 
in Table 25. The computer analysis for the soft tube prototype predicts


that the heat rejection will be less than 4 Kv with a 00F environment. 
The low performance results from cross conduction between the cold trans­
port fluid in the return tubing and the warmer fluid in the adjacent 
outgoing tubing. Figure 78 shows that this causes the average fluid tem­

perature to be low in sections of the radiator away from the manifolds


and thus reduces the radiating capacity of the panel. Without regenera­

tion the heat rejection is approximately what had been expected for Coolanol


15. Additional analyses are needed to study the effects of cross conduc­

tion and to evaluate possible alternate flow routing for increasing the


performance of the soft tube radiator system.
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4.o TECHNOLOGY ASSESSMENT


Based on test results and experience gained during the inflatable 
radiator development program, the following assessment of flexible 
deployable/retractable radiator technology is given. 
i) The soft tube radiator concept yields lower system weights 
and is much easier to fabricate than the hard tube concept. 
Therefore soft tube designs should be given first priority 
in future work on full scale prototypes. 
2) Silver wire mesh/Teflon has more uniform and predictable 
thermal properties than thick silver backed Teflon and 
should be used as the fin material in future designs. Ad­
ditional work is needed to develop methods for attaching


tubing to the fin material and for constructing continuous
 

strips of the material with the tubing bonded to the in­

terior of the fin. Contacts with custom laminating vendors


have established that it is probably possible with current


technology to fusion bond salver mesh and Teflon on a roll­

to-roll basis in four foot widths. The tubes could then be


fusion bonded between the silver mesh/Teflon sheet and an


opposing sheet of Teflon on a roll-to-roll basis in 6.5"


widths. The risk involved in the second step are somewhat
 

higher than is the first because cooling must be supplied


locally at the tubes to prevent them from collapsing during


the bonding process. Because of this it is recommended that


in future work only the first step (fusion bonding of silver


mesh and Teflon) be performed on a roll-to-roll basis. Thus


tubing would then be bonded to the interior of the radiator


with adhesive as shown in Figure 70. The second step of the
 

process would then be the same as was used in constructing


the soft tube test article and would have a high probability


of success. In this case each half of the laminate would be


0


coated with 1200 A of vapor deposited silver to protect the


adhesive and tubing from ultraviolet radiation.
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FIGURE 79 PROPOSED RADIATOR FIN CONSTRUCTION


Table 26 compares the predicted properties of the proposed


fin laminate to those of the fin materials of the engineering


model radiators. The data shows that the proposed laminate 
will combine desirable features from both of the previous de­
signs but has a slight weight disadvantage. Overall, the


effect on thermal performance is slightly positive and a signi­

ficant increase in reliability is achieved.


TABLE 26 PROPERTIES OF RADIATOR FIN MATERIALS


THERMAL CONDUCTANCE AVERAGE WEIGHT


FIN 	 CONSTRUCTION 	 (BTU/HR-FT-°F) EMISSIVITY (LB/FT 2 ) 
Thick Silver Backed Teflon .0008 - .0028 0.67 .069


Silver Wire Mesh/Teflon .0040 0.67 .072


Proposed Hybrid Design .002 0.71 .107


3) 	 Polyurethane tubing should be selected as the baseline for


designing the full scale radiator. However, additional tests


and studies should be made to determine whether Teflon tubing


can be used. Teflon tubing would permit the use of Freon 21 
as the transport fluid and would extend the operating tempera­
ture range. Table 27 compares the tubing dimensions and
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TABLE 27 COMPARISON OF ALTERNATE RADIATOR CONSTRUCTIONS 
FLUID LIMITS TUBING LIMITS SYSTEM VARIABLES


SYSTE TMIN TMAX
(OF) TMIN TMAX TUBE TUBE W Re AP(OF) (or) (OF) I.D.(IN.) O.D.(IN.) (LB/Im) NO. RELATIVE RELATIVE(PSI) STIFFNESS AREA


Polyurethane/

Coolanol 15 
-20(a) 185(b) -i0(d) 225 
 .090 .205(f) 529 
 358 7.3 1.0 1.0


FEP/Freon 21 
-1h0(a) 350(c) 
-140(d) 225(e) .069 .143(f) 903 4278 11.2 
 1.5 - 2.0 0.94


(a) Limited By Flow Instabilities


(b) Fire Point of Fluid


(c) Critical Point


(a) Limited by Stiffness of Tubing


(e) Limited by Cold Flow of Tubing


(f) 30-Day Meteoroid Life


operating temperature ranges possible with polyurethane 
and Teflon for 30-day, 90% meteoroid survivability designs. 
Future studies should consider the impact of the tubing on 
the 	 deployment mechanism and weight penalties required to 
accommodate the stiffness of tubing versus advantage of


extended operating range.


4) Coolanol 15 has the most desirable transport properties of 
the fluids which are compatible with polyurethane. This 
fluid would permit stable operation in the temperature range 
from -20OF to 1850F and is only slightly inferior to Freon 
21 in thermal conductance and pumping power requirements. 
5) 	 Additional work is needed to develop a deployment mechanism 
for the full scale soft tube inflatable radiator. Engineering 
model tests have demonstrated that inflation tubes will over­
come the stiffness of the soft tube radiator construction, but 
did not demonstrate retraction or deployment against a spring 
force. Also fabrication techniques have not been demonstrated


for obtaining sufficient straightness in inflation tubing to


deploy a full scale radiator. Additional trade studies should


consider alternate deployment concepts and account for weight


penalties associated with each mechanism versus probability of


success. Space deployable booms should be considered as an 
alternative to inflation tubing.


6) 	 Cross conduction between outgoing and return tubes of the soft 
tube radiator apparently has a larger effect on radiator per­
formance than had been initially estimated. Therefore, addi­
tional analyses are needed to study the effects of regeneration 
in the soft tube concept and to investigate alternate flow 
routing if required. Radiation interchange between adjacent 
radiators of the three panel system should be considered in 
establishing the temperature profiles on various sections of 
the 	 radiator and in evaluating alternate flow routes. Also, a


reoptimization of tube spacing with the proposed fin materials


and flow routing will be required to minimize the overall


dimensions of the system.


190


5.0 	 REFERENCES


(1) 	 "Modular Radiator System Development for Shuttle and Advanced


Spacecraft", J. B. Dietz, M. L. Fleming, R. J. Tufte and D. W.
 

Morris, ASME Paper 72 ENAV-3h, May 1972.


(2) 	 "Development of An Inflatable Radiator System, Concepts Briefing",


Vought Presentation at NASA/JSC, November 1973.


(3) 	 "Development of An Inflatable Radiator System, Progress Report


No. 4' Vought Report No. T213-RP-04, August 197h.


(4) 	 "Inflatable Radiator System Materials Study", Vought Technical 
Proposal, Report No. 2-53002/4R-51101, December 1974. 
(5) 	 "Inflatable Radiator Quick Look Test Report", Vought Report


No. T213-RP-0T, August 1975.


(6) 	 V"Heat Transfer Element Tests of Soft Tube Inflatable Radiator 
System", Vought TR No. T-213-TR03, September 1974. 
(7) 	 "Heat Transfer Element Tests of Hard Tube Inflatable Radiator


System", Vought TR No. T-213-TRO6, September 1974.


(8) 	 "Flow Instabilities in Spacecraft Radiators", Vought Report


No. T169-56, November 1974.


(9) 	 "Thermal Control System Component Weight and Volume Estimates",


Vought Memorandum 2-52200/70IM-116, October 1970.


(10) 	 "Development of An Inflatable Radiator System, Status Briefing", 
Vought Presentation at NASA/JSC, June 197h.


(11) 	 "Basic Subsystem Module Space Radiator Study", Vought Report 
No. 00.977, August 1967. 
(12) 	 Private Communication, R. W. Froberg, Pfizer Chemical Co.,


Bethlehem, Pa., 1973.


(13) 	 "Nitinol Characterization Study", F. J. Stimler et.al., NASA


CR-1433, 1969.


(14) 	 Private Communication, C. K. Nicholson, Plastics Dept., DuPont


Co., Wilmington, Del., 1973.


(15) 	 "Suitability of Metalized FEP Teflon as A Spacecraft Thermal


Control Surface", James B. Heaney, NASA/Goddard, ASME Environmental


Control Conference, July 1971.


191


References 	 (Cont'd)


(16) 	 "Design Feasibility of Sterile Insertion Techniques",


J. C. Arnett, et.al., NASA Contract NASW-1621, 1967.


(17) 	 Private Communication, H. W. Himbert, Fluoro-Plastics


Inc., Philadelphia, Pa., 1973.


(18) 	 "Specification for Orbiter Freon Coolant Loop", North American


Rockwell Procurement Specification MC250-0001, 4 April 1973.


(19) 	 "Space Station Prototype ETCILSS Radiator and Solar Absorber 
Subsystems Final Preliminary Design Report", Vought Report 
No. 00.1380, 4 December 1970. 
(20) 	 "Modular Space Station Phase B Extension Preliminary Systems


Design Vol. VI, Trades and Analyses", DEL No. MSC T-575 Line


Item 68, North American Rockell, January 1972.


(21) 	 "Sortie Lab Program Review", NASA-MSFC, 16 November 1972.


192


APPENDIX A. PROPERTIES OF PLASTIC AND ELASTOMERIC MATERIALS
1


1 Data from "1975 Materials Selector", Issue Volume 80, No. 4, 
Materials Engineering, Reinhold Publishing Co., Inc., Connecticut,


and "Engineering Guide to the DuPont Elastomers", E. I. DuPont de


Nemours and Co., Inc., Delaware.


PSI 
1 00 0000-
GLASS-REINFORCED 
POLYPRODYLENE 800 000 
-OLYACETALS 410 000­
t POLYPROPYLENE 200 000-
NYLON 66 115 000-
II


FLUOROCARBON 
RESINS 100,000 
FLEXIBLE NYLON 
!I75,000 
i 
 
f55D POLYETHER 
URETHANE RUBBER­
20000 
EVA COPOLYMERS 10 000­
90A pOt YETHER 
URETHANE RUBBER­&,000


iOA PUBBER_ 
SI-O. dEEL 1000 
Flexural Modulus 
k,- t 
(Kg./Cm. 2) 
k70 300)


(56 240) 
(28 823) 
(14 060) 
(12302) 
(7 030)( 
(5 272) 
-50 000 (3 515) 63D HYTREL 
-30 000 (2 109) 55D HYTREL 
(1 405) 
(703) 
-7 000 (442) 92A HYTREL 
1422) 
( 703) 
compawative properdies


of the Du Pont Elastomers and natural rubber 
VITON 
Properties 
Natural 
Rubber 
ADIPRENE 
polyurethane 
HYPALON 
chloro 
sulfonated 
polyethylene 
HYTREL 
polyester
elastomer 
NORDEL 
ethylene
propylene
diene polymer 
Neoprene
chloroprene 
co polymer of 
vinylidene
fluoride and 
hexafluoro 
propylene 
HARDNESS RANGE (duroneter A&DHARDNESS RANGE (durometer A& 30 9A30 90A__ 60 99 + A(up to 80 D) 40 95A 92A 55D 63D 40 90A 40 95A 60 95A 
TENSILE STRENGTH (psi) 
Pure gum Over 3000 Over 4000 Over 2500 5900 6400 5800 - Over 3000 Over 2000 
Black loaded stocks Over 3000 - Over 3000 - - - Over 3000 Over 3000 Over 2000 
SPECIFIC GRAVITY (Base Material) 093 106 112 128 117 120 122 0 86 1 23 185 
VULCANIZING PROPERTIES Excellent Excellent Excellent Unnecessaryto vulcanize Excellent Excellent Good 
ADHESION TO METALS Excellent Excellent Excellent Excel Excel Excel Good to Excel Excellent Good to Excel 
ADHESION TO FABRICS Excellent Excellent Good Good Good Good Good Excellent Good to Excel 
TEAR RESISTANCE Good Excellent Fair Excel Outstng Outstanding Good Good Fair 
ABRASION RESISTANCE Fxcellent Outstanding Excellent Outstng VeryOutstng VeryOutstanding Excellent Excellent Good 
COMPRESSION SET Good Fair Fair Fair Fair Poor Good Fair to Good Fair to Good 
REBOUND 
Cold Excellent Poor at V L temp Good Very Good Good Fair Very Good Very Good Good 
Hot Excellent Good at R T Good Excel Very Good Good Very Good Very Good Excellent 
DIELECTRIC STRENGTH Excellent Excellent Excellent Fair toGood Fair toGood Fair toGood Excellentn Gooddod Good 
ELECTRICAL INSULATION Good IaArto Excellent Fair to Good Good Fair toGood Fair toGood Fair toGood Excellent Fair to Good Fair to Good 
PERMEABILITY TO GASES Fair Fair Low to VL Fair Fair Fair Fair Low Very low 
ACID RESISTANCE 
Dilute Fair to Good Fair Excellent Fair Fair Fair Excellent Excellent Excellent 
Concentrated Fair to Good Poor Very Good Poor Poor Poor Excellent Good Excellent 
SOLVENT RESISTANCE 
Aliphatic hydrocarbons Poor Excellent Good Excel Excel Excel Poor Good Excellent 
Aromatic hydrocarbons Poor Fair to Good Fair Good Good Good Poor Fair Excellent 
Oxygenated (ketones, etc) Fair to Good Poor Poor Fair Good Good Good Poor Poor 
Lacquer solvents Poor Poor Poor Fair Fair to Good Good Poor Poor Poor 
RESISTANCE TO 
Swelling inlubricating oil Poor, Excellent Good to Excel Good Excel Excel Poor Good Excellent 
Oil and gasoline Poor Excellent Good Very Good Excel Excel Poor Good Excellent 
Animal and vegetable oils Poor to Good Excellent Good Very Good Excel Excel Good Good Excellent 
Water absorption Very Good Good at RT Poor at 2120 F Very Good 
Very Good 
up to2120 F 
Very Good 
up to2120 F 
Very Good 
up to2120 F Very Good 
Good Very Good 
Oxidation Good Excellent Excellent Excel Excel Excel Excellent Excellent Outstanding 
Ozone Fair Excellent Outstanding Excel Excel Excel Outstanding Excellent Outstanding 
Sunlight aging Poor Good Outstanding Very Good Very Good Very Good Outstanding Very Good Very Good 
Heat aging Good Good Excellent Good Excel Excel Excellent Excellent Outstanding 
Flame Poor Fair Good Will meltflame retardantbut can be made Poor Good Good 
Heat Good Good Excellent Very Good Excel Excel Excellent Very Good Outstanding 
Cold Excellent Excellent Good Excel Excel Excel Excellent Good Good 
Comparison of Hi-TUFF polyurethane with natural and synthetic rubbers 
I 
 VITON 
- a'-a , , ,-. 'NITRILE co-polymer of 
(BUNA N) SILICONE vinylideno HYPALON 
BUNA S BUTYL hutadlne polysiloxane NEOPRENE fluoride and chlorosulfonated Hi-TUFFNATURAL 
 
R 0 P E R T I E S RUBBER butadlene styrene Isobutylene Isoprene acrylonitrle polymer chloropreno hexafluoropropylene polyethylene polyurethane 
TENSILE Pure gum Over 3000 Below 1000 Over 1500 Below 1000 Below 1500 Over 3000 Over 2000 Over 2500 5000-8500 STRENGTH 
(psi) Black loaded stocks Over 3000 Over 2000 Over 2000 Over 2000 Over 3000 Over 2000 Over 3000 50 99+p
4095 60 95 40 95 (up to 75 duroeter D)HARDNESS RANGE (durometer A) 30 90 4090 40 75 40 95 40 85 
SPECIFIC GRAVITY (Base Material) 0 93 094 0 92 1 00 1 23 1 85 1 12 1 28 1 10 to 1 24 
VULCANIZING PROPERTIES Excellent Excellent Good Excellent Excellent Good Excellent Excellent 
ADHESION TO METALS Excellent Excellent Good Excellent Excellent Good to excellent Excellent Excellent 
Excellent Good to excellent Good ExcellentADHESION TO FABRICS Excellent Good Good Good 
Fair Fair OutstandingTEAR RESISTANCE Good Fair Good Fair Poor Good 
ABRASION RESISTANCE Excellent Good to excellent Good Good Poor Excellent Good Excellent Outstanding 
COMPRESSION SET Good Good Fair Good Fair Fair to good Very good Fair Good 
Fair at low temp
Bad Good Excellent Very good Good Good Cold Excellent 	 Good 
Good Very good Good Excellent Very good Excellent Good Good at room temp 
REBOUND 
Hot Excellent 
DIELECTRIC STRENGTH Excellent Excellent Excellent Poor Good Good Good Excellent Excellent 
ELECTRICAL INSULATION Good to excellent Good to excellent Good to excellent Poor Excellent Fair to good Fair to good Good Good 
Fair Very low Fair Fair Low Very low Low to very low Fair GoodPERMEABILITY TO GASES Fair 
Dilute Fair to good Fair to good Excellent Good Excellent Excellent Excellent Excellent Fair Good 
ACID


RESISTANCE Concentrated Fair to good Fair to good Excellent Good Fair Good Excellent Very good Poor 
Aliphatic hydrocarbons Poor Poor Poor Excellent Poor Good Excellent Good Excellent 
Poor Fair Excellent Fair Fair to goodSOLVENT Aromatic hydrocarbons Poor Poor Poor Good 
RESISTANCE Oxygenated (kctones, etc) Good Good Good Poor Fair Poor Poor Poor Poor 
Poor Poor
Lacquer solvents Poor Poor Poor Fair Poor Poor Poor 
Swelling in lubricating ol Poor Poor Poor Very good Fair Good Excellent Good to excellent Excellent 
Oi1and gasoline Poor Poor Poor Excellent Fair Good Excellent Good Excellent 
Animal and vegetable oils Poor to good Poor to good Excellent Excellent Fair Good Excellent Good Excellent 
Good airat at 175temproom FVery good Fair to good Good Good Very good Very goodWater absorption Very good Good to excellent 
Oxidation Good Good Excellent Good Excellent Excellent Outstanding Excellent Outstanding
RESISTANCE Otb


TO 	 Ozone Fair Fair Excellent Fair Excellent Excellent Outstanding Outstanding Outstanding 
Sunlight aging Poor Poor Very good Poor Excellent Very good Very good Outstanding Excellent 
Heat aging Good Veryi good Excellent Lxcellent Outstanding Excellent Outstanding Excellent Good 
Flame Poor Poor Poor Poor Fair Good Good Good Good 
Hea Good Excellent Exnt Exc ellent Excellent Excellent Excellent Good 
Cold Excellent Excellent Good Good Excellent Good Good Good Excellent 
ckemkal resstance


of the Du Pont elastomers 
Du Pont elastomers are used widely and successfully in contact with a broad variety of chemicals 
To assist engineers in selecting the appropriate elastomer for the particular environment, the 
accompanying tabulation has been prepared We emphasize that it should be used as a guide only 
The tabulation is based on laboratory tests and records of actual service performance But an 
elastomer's degree of compatibility with a particular fluid also depends on such variables as temperature, 
aeration, velocity of flow, duration of exposure, stability of the fluid, degree of contact, etc 
Therefore, it is always advisable to test the material under actual service conditions before specification 
If this is not practical, tests should be devised that simulate service conditions as closely as possible 
C iexocl ADIPEE HYPLON HTIEL eorenx i111E VRON C~luica ADPiElE HYPALON HY'TREL Heepreas 1o1oa virO 
Acetaldehyde C c -­ c A c Carbon tetrachloride C C a C C A(158'F) 
Aceticacid 20% 8 A A A A C Castor o A A(158'F) 8 All58-F) 2 A 
Acetic acid, 30% C A A A A C Chlorine gas dry X S X B A A(212F) 
Acetic acid glacial C A B A C a C Chlorine gas, wet C B X C 8 A 
Acetic acid glacial - - B(M-F) - Chloroacetlc acId X A X A A C 
Acetic anhydride T A T A A C Chlorobenzene X X X X X A 
Acetone C B B B A C Chloroform C C C C C A 
Acetylene B A B A A Chlorosulionc acid C C C C C C 
Aluminum chloride Chromic acid, 10 50% C A(15S'F) A, C C A 
solutions T A T A A A CIrV acid solutions A A A A A A 
Aluminum sulfate 
solutions 
Ammonia, anhydrous 
Ammonium chloride 
A 
' 
A(250 F) 
B 
T A(1 58'F) 
A 
A 
T 
A 
C 
Copper chioride solutions 
Copper sulfate solutions 
Cottonseed oil 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A S 
A 
A 
A(300'F) 
solutions A A A A A A Creosote oil T C - C c A(212'F) 
Ammonium hydroxide
solutions A A(2W°F) T ,4(158 F) A A 
Cyciohexane 
Obutyl phthalate 
A 
C(158'F) 
C 
C 
A 
A 
C 
C 
C 
A 
A 
B 
Ammonium sulfate 
solutions 
Anmyiacetate 
Amyl alcohol 
Aniline 
A 
C 
T 
C 
A(200) 
C 
A(20AF) 
B 
A 
B 
A 
C 
A(158"F) 
C 
A(15W) 
C 
A 
A 
A 
A 
A 
C 
A(212'F) 
A B 
Methyl sebacat• 
e 
D[ocyiphlhalate 
DOWTTHERMA 
DOWTHERM A 
C 
B 
e 
C 
8 
A 
A 
O 
C 
S 
B 
2 
C 
8 
B 
A(212cF) 
S-(-400 F) 
Aniline C(100 F) - B(158 F) Epichiorohydfi. - T X B C122 F) 
Aniline 
ASTM oil i 
ASTMoil 3 
-
A(158 F) 
8(158 F) 
-
A 
8(15 F) 
---
A(300F) 
A(300 F) 
A 
8(158'F) 
C 
C 
C(300-F) 
A(300 F) 
A(35O'F) 
Ethyl acetate 
Ethyl acetate 
Ethylalcohol 
C 
-
C 
c 
-
A(200 F) 
8 
-
A 
C 
-
.(158 F) 
A 
2(158'F) 
A 
C 
-
A 
ASTMreferencefuelA A A AflSB F) A C A Ethyl chloride C C C C 8 A 
ASTM reference fuel B 8 C All58 F) C C A Ethyl ether C C - C a2 
ASTM reference fuel C C C A C c A Ethylene dichlorlde C(120'F) C(120 F) C C(120 F) 8(120 F) A B(120F) 
ASTM refeence fuel C - (158F) - 4(258 F Elhylene glycol 8 A(200'F) A A(158 F) A A(250 F) 
Asphalt TI B x A(400 F) Ethylene oxide T X A X X C(158F) 
Barium hydroxide 
solutions 
Beer 
A 
A 
A(200'F) 
A 
T 
A 
A(158°F) 
A 
A 
A 
A 
A 
Exxon 2380 turbo ol 
(lubricant) 
Ferric chloride solutions 
-
A .4200F) 
T 
T 
-
A A 
A(4392F) 
A 
lenraldehyde - C c AB C Fluosiliclc acid T A(250F) T A(158 F) T T 
Benazre 
Benzoyl chloride 
Borax solutons 
Bornc acid soluiions 
Bromine anhydrousi1quid 
Butane 
C 
T 
A 
A 
X 
A 
C 
C 
A(200 F) 
A(200 F) 
8 
A 
a 
-
A 
A 
x 
A 
C 
C 
A(158 F) 
A'158-F) 
C 
A 
C 
C 
A 
A 
C 
a 
2(158 F) 
a 
A 
A 
A(212-F) 
A 
Formaldehyde, 40% 
Formaldehyde, 40% 
Forie acid 
g 
FREON 11 
FREON-12 
C 
-
C 
8(130'F) 
A 
A 
C(158'F) 
A 
A 
7(130 F) 
A 
2 
-
B 
T 
-
T 
A 
C(158 F) 
A 
AB 
E(130 F) 
A 
A 
A 
C 
-
8 
A 
-
C(158-F) 
B 
T(130'F) 
A B 
Butya.cetate 
Butyraldehyde 
Butyric acid 
Calcium bsuiitesolutions 
Caiclurnchlorldesoitulont 
C 
T 
-
A 
A 
C 
B 
a C 
A(200 F) 
A 
8 
-
T 
-
A 
C 
BC 
C 
A(158 F) 
A 
C 
2 
x 
T 
A 
C 
C 
T 
A 
A 
FREON-12 
FEN 22 
FREON 22 
FREON 113 
FREON 113 
A(130 F) 
C 
C(130 F) 
A 
T(130- F ) 
A(130 F) 
A 
A(130 F) 
A 
A(130 F) 
-
-
-
A 
A(130 F) 
A(130 F) 
A 
A(130W) 
A 
A(130 F) 
-
C 
-
C 
-
B(130F) 
c 
X(130F) 
A 
T(130-F) 
Calcium hydroxide 
solution. A A(200'F) T .4(158 F) A A 
FREON 114 
FREON-114 
T 
7(1301F) 
A 
T(130^F) 
T A 
T(130-F) 
C 
-
A 
-
Calciumhypochorite S% X A A B A A Furfural C a B A C(158 F) 
Calcium hypochlorite 20% 
Carbon Mbutfido 
C 
T 
A(200&F) 
C - C 
A  
C 
B(158 
A 
F) Fyrquei 220 
(hydraulic fluid) - T - - A(2I2 F) 
Carbon d .oxldk A A(200 F) A A T A Gasoline B a A S 1 C A 
Carbon monoxide A A(200 F) A A 7 - Glue A A(200 F) A A(1I8BF) A A 
eFreon'sa registered trademark ofE I du Pont deNemours &Co (Inc) 
'-16 
ainct ADIPRESE tiYFAuN HYREL. Strepln MORDEL MGM Qexcisl ADIPREXE HYPALI I'TRl Ispras KOOEL ION 
Glycerin A A(200 F) A A(158F) A A(250 F) Picric Acid 8 A T A 8 A 
HxaneQ (122 F) A A A C A Potassium dichromate 
Hydrazn* - - C - A c solutions A A(200-F) T A A A 
8 A B A T A Potassium hydroxideHyd4oChlOrI acid 20% 
solutions A(200-F) A 1 A(158F) A A 
Hydrochloric acid 20% - A(158 F) - (230 F) Pydraul312C C c A C C A 
Hydrochloric acid, 37% C A(122 F) C A A A(158 F) Pyzidine - C C a C 
-Hidrochloric acid 37% - 8(158 F) - - - ORI 2023 
Hydrochloric acid 37% - C(200 F) - C(2OOF) S(230 F) (silicone brake fluid) - T - A(392"F) 
Htdroyanicacid T A T A A A SAE 10 oil Af158F) C A C C A 
Hydroluoric acid 48% C A(158 F) X A B A(212 F) Sea water A A A A A A 
Hydrofluodc acid 75% C A X 2 C E(158 F) Shell turbineoil37 T T T X 5(392 F) 
Hydrofluoric acid Silicone grease A A A A A A 
anydrous SKYDROL 500 C(122 F) C A C A(250 F) C 
Hydrogen A A A A A A SKYLUBE45- - C(392F) 
Hydrogen ptiroide,90% T A B T A Soap solutions A A(200 F) A A(158 F) A(212 F) A 
Hydrogen peroxide 90% - - - C(270 F) Sodium chloride solutions A A A A A A 
A A 8270 F) Sodium dichromate 20% A A(200 F) T B A A 
B(1SjW) A A A X A Sodium hydroxide 20% A A(200-F) AB A A A 
Isopropyl alcohol C A(200 F) A A T A Sodium hydroxide 46A% B A B A A A 
sopropyl ether B 8 - C C Sodium hydroxide 46%a% - A(158'F) - G(100 F) 
JP4 8 C A(100 F) C C A(400 F) Sodium hydroxide 50% C A(285F) A A C 
JP 5 C C C C A(400 F) Sodium hydroxIde 73% C A(230 F) X A A C 
JP i C C C c A(100 F) Sodium hypochlorito 6% C A A A A A 
p 6 -(550 F) Sodium hypochlorite 20% C A(158 F) T B A B(158 F) 
Kerosene B B T C C A(158 F) Sodiumperoxidesolutons C N200 F) A A A 
Kerosene -S - - - 8(400 F) Soybeanoil 8 A T A C A(250 F) 
l.cquenoen X C B C C C Stannil chloride B B - A 
Lact acid T A T A A A Stannouschloride 15% A(200 -) T A(158 F) B A 
Unseed oil B A T A 8 A Steam (see waler) C A B(212 F) A A(350 F) 8(300 F) 
Lubicating olls B S(158 F) A 2(158 F) C A(158 F) Steam - C(230°F) -- -
Magnesium chloride 
solutions A A(220 F) T A(158'F) A A Stearc acid A 8(158 F) T B(158 F) B T 
Magnesium hydroxide Styrene C C X C C A 
solutions A A(200 F) T AN158F) A A Sulfur molten T A T A A A(250 F) 
Mercuric chloride Sulfur dioxide liquid T A T A A A 
solus A T A A A Sulfur dioxide gas A T A A A 
Mercury A A A A A Sulfur rioxide T C X C 8 A 
Methyl alcohol C A A AN158 F) A AS Sulfuricacid uplo5% A A A A A A 
Metyl ethyl ketone C C A C A C Sulfuric acid 510% A A B A A A 
Melhylene chloride C C C C(100 F) B B(100 F) Sulfuric acid 1050% BC A(250 F) C A(158 F) B A 
Mieal oil A A A A C A Sulfuric acid 5080% C A(158'F) C BC c A 
Mobil XRM 206A 
(aircraft eng lube) - - T - A(35OF) Sulfuric acid 60% C A C 8 C A(2&0 '5 
Naphiha B C A C C A(158 F) Sulfuric acid 90% G A C C C AS8 F1 
Naphlhalene B C 8 C(176 F) C A(176 F) Sulfuricacid, 95% C AS C c B A 
Nitric 10% C BC 8 A Sulfuric acid 95% - B(122F) - (58 F)acid A B 
Nitic acid 30% C A C C B A Sulfuric acid fuming (20% oleum) C BC C C C A 
Nitric acid, 30% - C18 F) - - C(158 F) - Sulfurous acid C A(15B F) 8 C C A 
Nitric acid 60% C B C c c A S XS 820 
Nitric acid 70% C C C C C A (EP lubricant) - 7 - X A(300 F) 
Nitric acid 70% - - S- 10% A A A A A 
Ntric acid red fuming C C C C C B Tartaric acid A A(200'F) T A(158 F) B A 
8(100 F) Tarnmcacid A 
Ntric acid red fuming - - - C{158Q- F) Terahydrofuran C C - C C C 
Nitrobenzene C c c c A B Toluene C C 8 C C S(100 F) 
Oteic acid a B A 8 B 8 Tributyl phosphate C C - C C C(212 F 
O.um 20-25% C O C C C A Trlchloroethylene C G, C C C A 
Palmitic acid A B A 8(;58 F) B A Trlchloroethylene - - - B(158 F) 
Perchloroethylene C C C C c AM212F) Tricresyl phosphate B C C A(212 F) A(300 F) 
Phenol C C C C 8 M1212 F) Triethanolamlne C A(158 F) C A158 F) A C 
Phenol - - 8(300 F) TrisodunW- mphosphate 
Phosphoric acid 20% A A1200 F) - A A A solutions A A A A A A 
PhOSphoric acid 60% A A(2C0 F) X A A A(212 F) Tong oil 8 A I A C A 
Phosphoric acid, 70% A A(200 F) X A A A Turpentine C C - C C N 158 F) 
Phosphoric acid 85% C AN200 F) X A A A Water A(142 F) A(158 F) A4158 F) A(158 F) A(158 F) A(158 F) 
Plingsoluton Water C(212 F) A(212 F) P(212 F) A(212 F) A(212 F) A(212 Ft 
(20% nitric acid, 4% HF) C A x C C A Xylene C C a C C A 
Pickling solution Xylene - - - 8(158 F) 
(17%nllcacld 4% HF) C A(150 F) x C C A Zlncchloridesolutions A A(200 F) A A A A 
Pickling solution 
(17% nitricacid, 4% HF) -C - 0(225'F) 
RATING KEY T-No data-likely to be compatible 
X-No data-not likely to be compatible 
A-Fluid has little or no effect Blanks indicate no evaluation has been attempted 
B-Fluid has minor to moderate effect 
C-Fluid has severe effect Unless otherwise noted, concentrations of aqueous solutions are 
saturated All ratings are at room temperature unless specified REPRODUCIBIITY OF THE 
A,_-,57" ORIGINAL PAGE IS POOR 
Acetals 
Homopolymerc Copolymerd 
Material --. - -)-­
20% Glass 22% TPE 25% Glass 
Standard Reinforced Filled Standard Reinforced High Flow 
PHYSICAL PROPERTIES ASTM 
Specific Gravity D792 1425 156 154 1410 161 1410 
Ther-Cbnd. Btujhr/sq ft/°F/ 
it - 013 - - 016 - 16 
Coat of Ther Exp, 105 per OF D696 45 2045 45 47 2247 47 
Specific Heat, Btu/Ib/°F - 035 - - 035 - 035 
Refractive Index, n0 D542 Opaque Opaque Opaque Opaque Opaque Opaque
Water Absorption (24 hr), % D570 025 025 020 022 029 022 
MECHANICAL PROPERTIES 
Tensile Strength, 1000 psi D638 
Ultimate - 100 85 69 88 185 88 
Yield - 100 - - 88 185 88 
Elongation, % D638 12 
Ultimate - 25 7 - 6075 3 40 
Yield - - 12 - - 12 3 12 
Mod of Elast inTen, 105 psi 
Flex Strength, 1000 psi 
D638 
D790 
52 
14 1 
-
-
-
-
41 
13 
125 
28 
413 
13 
Mod of Elast inFlex, 10s psi 
Impact Str (Izod, notched), ft 
0790 41 88 40 375 11 375 
lb/m 
Compr Str (1%), 1000 psi
Hardness (Rockwell) 
D638 
D695 
D785 
14 
52 
M94 
08 
52 
M9o 
07 
45 
M78 
13 
45 
M80 
18 
-
M79 
10 
45 
M8O 
Coef of Static Flct (against 
steel) - 0103 0103 005015 015 015 015 
Abr Res (Taber, CS 17), mg/
1000 cyc D1044 14 20 33 9 14 40 14 
ELECTRICAL PROPERTIES 
' Volume Resistivity, ohm cm 
Dielectric Str (short time), vpm 
D257 
0149 
1x 10" 
500 
5x10" 
500 
-
-
Ix 10" 
500 
12 x 10 
580 
1 Ox 10" 
500 
Dielectric Constant D150 
60cycles - 37 40 - 37 @ 100 39 @ 100 37@100 
101 cycles - 37 40 - 37 39 37 
Dissipation Factor D150 
60 cycles 
10, cycles 
-
-
00048 
00048 
00047 
00036 
-
-
0 001 @ 100 
0006 
0 003 @ 100 
0006 
0 001 @ 100 
0006 
Arc Resistance, sec D495 129h 188 - 240 136 240 
HEAT RESISTANCE 
Max Ree Service Temp, F - 195 195 195 220 220 220 
Deflection Temp,
66 psi 
264 psi 
F D648 
-
-
338 
255 
345 
35 
329 
212 
316 
230 
331 
325 
316 
230 
APPLICABLE PROCESSING 
METHODS 
Injection moldng, extrusion, rotational 
molding, blow molding 
Injection molding, -xtrusion, 
molding, blow molding 
rotational 
CHEMICAL RESISTANCE Excellent res to Same as stand Same as stand Excellent res to strong alkalis Most organic 
most organic sulaid 
vents, including mer 
aliphatic and 
homopoly ard 
mer 
homopoly solvents including alcohols ketones, esters, ali 
phatic and aromatic hydrocarbons and glycols
do not seriously alter properties Not recom 
aromatic hydro 
carbons Not rec 
mended for use in strong 
oxidizing reagents 
mineral acids and 
for use with 
strong acids and 
alkalis 
USES Appliance parts Same as homo Same as home Appliance parts, gears, bushings aerosol bottles, 
gears bushings 
aerosol bottles 
polymer Where polymer Where 
hi gh stiffness low friction and 
various automotive, plumbing, 
and consumer products 
textile machinery 
auto, plumbing
textile, consum 
er uses 
and dimensional high resistance 
stability are re to wear are re 
quired quired 
a 10% deformation b 15 m specimen c Deirin is most common tradenamn. d- Celcon' is most common tradename 
A,- (0 
Acrylics 
Cast Sheets, Rods Moldings 
Type - General Purpose General Purpose Grades High Modified 
Type P Type I1' 5, 6, 8' Impact Grade (XT acrylic) 
PHYSICAL PROPERTIES ASTM 
Specific Gravity D792 117 119 118-120 118 119 112116 110112 
Ther Cond, Btu/hr/sq ft/°F/ft 012 0 12 012 0 12 0 13 
Coef of Ther Exp, 10 ' per 'F D0696 45 45 3-4 46 4445 
Spec Ht, Btu/Ib/°F - 035 035 035 034 033 
Refractive Index D542 1485 1500 1485 1495 1489 1493 - 1 51 
Transmittance (luminous, 0125 in), % D791 91 92 91 92 >92 - 86 88 
Haze, % D0672 12 12 <3 - -
Water Absorption (24 hr), % D570 0304 0204 03 04 0203 03 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, 10' psi 0638 3545 4050 3550 2333 3743 
Ten Str, 1000 psi D638 69 810 95 105 5580 7080 
Elong (in 2 in ), % 0638 27 2-7 3 5 >25 1230 
Hardness (Rockwell) D785 M8O 90 M96 102 M8O 103 LO 94 M45 68 
Impact Str (Izcd notched), ft lb/in D256 04 04, 0204 0823 12 
Mod of Elast in Flex 10' psi D 3545 4050 3550 2836 
 35400790 

Flex Str, 1000 psi D790 12 14 15 17 15 16 87 12 0 1113


Compr Yld Str (0 1% offset), 1000 psi D695 12-14 1418 14517 73 120 95115


ELECTRICAL PROPERTIES 
Vol Res ohm cm D257 >10's >105 >1014 20 x10" >10i8 
Dielec Str (short time), v/mil D149 450 530 450 500 400 400 500 400 500 
Dielec Const 
60 Cycles D150 3545 3545 3539 3539 ­
10' Cycles D150 27-32 2732 2729 2530 278286 
Dissip Factor 
60 Cycles 0150 005006 005006 004 006 003004 00260029 
10' Cycles D150 002003 002003 002003 001002 00220025 
Arc Resistance, sec No track No track No track No track No track 
APPLICABLE PROCESSING Thermoforming, casting Injection molding, extru Injection mold 
METHODS sign, thermoforming, blow ing, extrusion 
molding thermoforming, 
blow molding 
HEAT RESISTANCE 
Max Recommended Svc Temp, F 140 160 180 200 155 190 - 160 
Heat Dist Temp, F 150 180 190 225 166 250" 169 205 195 (264 ps) 
CHEMICAL RESISTANCE 	 Resists weak alkalis, acids and aliphatic hydrocarbons Attacked by esters, ketones 
aromatic hydrocarbons, chlorinated hydrocarbons and concentrated acids 
USES 	 Transparent aircraft enclosures, Decorative and Shoe heels, con Packaging lenses 
radio and television parts lighting, functional auto trol knobs containers, 
drafting equipment, signs motive parts, business ma shields 
reflectors, pro chine and piano 
tective goggle keys, pump parts, 
lenses, radio and sprinkler heads, 
television parts, tool handles 
appliances 
ASTM D702 b Range includes typical values for,Grades 5 6 and 8 and may b super or to minimum or maximum requirements for these grades as detailed in 
ASTMD788 Cenco Fitch t D788 specifred values for Grades 5 6 and 8 149 F, 162 F 183 F respectively 
k- -1 
Alkyds and Thermoset Carbonate


AllylDg yco 
(encapsulating) 
Alkyds 
Rope 
(general
purpose) 
Granular 
(high speed
molding) 
Glass Reinforced 
(heavy duty
parts) 
PHYSICAL PROPERTIES ASTM 
Specific Gravity 
Ther Cond, Btu/hr/sq ft/iF/in 
Coef of Ther Exp, per cF 
Specific Heat, Btu/lb/0 F 
Water Absorption (24 hr), % 
Transparency (visible light), % 
Refractive Index, nD 
D792 
D696 
-
D570 
-
D542 
132 
145 
6x10-5 
03 
0 20 
89-92 
150 
205-2 15 
035-060 
13x 10-5 
0 10-0 15 
Opaque 
-... 
-
220-2 22 
035-0 60 
13 x10-5 
005-0 08 
Opaque 
-
221-2 24 
035-0 60 
1-3 x 10-5 
008-0 12 
Opaque 
202-2 10 
020-030 
1-3 x10-s 
-
007-0 10 
Opaque 
MECHANICAL PROPERTIES 
Tensile Strength, 1000 psi 
Tensile Mod, 105 psi 
Elongation, % 
Impact Str (Izod notched), ft lb/im 
Flex Strength, 1000 psi -
Mod of Elast inFlex, 105 psi
Compr Strength, 1000 psi 
Hardness (Barel) 
D638 
D638 
D638 
D256 
790 
D790 
D690 
9785 
5-6 
30 
-
02-04 
-
25-33 
225 
M95-MiO (Rockwell) 
4-5 
20-27 
-
025-035 
8-11 
-
20-25 
60-70 
7-8 
19-20 
-
22 
19-20 
22-27 
28 
70-75 
3-4 
24-29 
-
030-035 
7-10 
22-27 
16-20 
60-70 
5-9 
20-25 
-
8-12 
12-17 
22-28 
24-30 
70-80 
ELECTRICAL PROPERTIES 
Volume Resistivity, ohm cm 
Dielectric Str (step by step), v/mil 
Dielectric Constant 
60 cycles
106 cycles 
Dissipation Factor 
60 cycles 
106 cycles .. 
Arc Resistance, sec-
D257 
D149 
D150 
D150 
D495 
4 x 1014 
290 
44 
3538 
003 004 
0 1-02 
185 
10' 4 
300-350 
54-5 9 
45-47 
0030-0 045 
0016-0 020 
180 
1014 
290 
74 
6 8 
0019 
0023 
180 
1 x1014-1 x 10"3 
300-350 
57-63 
48-51 
0030-0 040 
0017-0 020 
180 
1014 
300-350 
52-60 
45-50 
002-003 
0 015-0 022 
180 
APeLICASLE PROCESSING 
METHODS 
Casting Injection molding, compression molding, transfer molding 
HEAT RESISTANCE 
Max Rec Service Temp, F 
Deflection Temp (264 psi), F 
- -
D0648 
212 
-
250 
350-400 
300 
>400 
300 
350-400 
300 
>400 
CHEMICAL RESISTANCE Resists nearly
all solvents in 
cluding ace­
tone, benzene 
and gasoline, 
and practically
all chemicals 
except highly 
oxiding acids 
Resistant to weak acids, attacked by alkalis, practically unattacked by
organic liquids such as alcohols, hydrocarbons and fatty acids 
USES Aircraft win­
dows, lenses, 
marine glazing, 
vending ma 
chme windows, 
slides, watch 
crystals, safety 
windows 
Encapsulation
of resistors, 
coils and small 
electronic parts 
Molding of tube bases and sock 
ets, connectors, tuning devices, 
electrical instrument parts, 
switches and relays Parts for 
transfdrmers, motor controllers 
and automotive ignition systems 
Heavy duty cir­
cuit breaker and 
switchgear,
stand off insula­
tors, electrical 
motor brush 
holders and end 
plates 
h,-P_. 
Alloys-ABS/polycarbonate, ABS/PVC, Acrylic/PVC, 
ABS/Polysulfone, ABS/Polyurethane 
Material -
ABS/ 
Polycarbonate 
ABS/PVC 
(rigid) 
Acylic/ 
PVC 
ABS/Poly­
sulfone (Polyaryl ether) 
I 
I 
ABS/Poly. 
urethane 
PHYSICAL PROPERTIES 
Specific Gravity 
Refractive Index, nD 
Transparency (visible light), % 
ASTM 
D792 
D542 
D1003 
_ _to 
119 
-
Opaque 
121 
-
Opaque 
128-1 35 
-
Translucent 
opaque 
114 
-
Opaque 
104 107 
Opaque 
MECHANICAL PROPERTIES 
Tensile 
Str (yield), 1,000 psi 
Elong (ult), %-
Modulus, 1,000 psi 
Flexural 
Str, 1,000 psi 
Modulus, 1,000 psi 
Compressive str, 1,000 psi (2%offset) 
Impact str 
Izod (notched), ft lb/in 
Gardner, lb/in 
Hardness 
Rockwell 
D638 
D790 
D695 
D256 
D785 
80 
370 
137 
380 
-
105 
.... 
R117 
60 
-
330 
102 
340 
74 
125 
R102 
65-70 
75 150 
335 370 
10711 
380 400 
84 
12 15 
RI1 105 
75 
2590 
320 
11 
300 
-
80 100 
R117 
37-45 
120200 
160 220 
5371 
150 210 
36 48 
84 10 1 
R70 82 
Shore 
Bending fatigue str (Woehler), 1,000 psi 
Abrasion res (Taber, CS 17 %heel, 100g) 
mg/100 cycles 
Coef of friction 
Against self 
Against steel 
D785 
I D671 
D1044 
D1894 
-
-
-
-
-­
-
-
-
-
-
40 
-
-
-
028 
031 
3035 
-
-
ELECTRICAL PROPERTIES 
Vol res ohm cm 
Dielec str, v/ril (dry) 
Short time 
Step by step 
Dielec constant (dry) 
60 Hz 
10' Hz 
D257 
D149 
D150 
100 x 105 
1250 1550 
-
308 
3236 
-
600 
-
-
-
16x 10 
430 670 
647 
333386 
306344 
15 x 10"­
430 
-
314 
310 
-
-
-
-
Dissip factor (dry) 
60 Hz 
10' Hz 
Arc res, sec 
D150 
D495 
00190021 
0020 
-
-
-
-
0016 
0017 
42 80 
0006 
0007 
180 
-
-
-
THERMAL PROPERTIES 
Ther cond, Btu/hr/sq ft/°F/m 
Coef of ther exp, 10'/°F 
Specific heat, Btu/Ib/ 0 F 
Heat deflection, OF 
At 66 psi 
At 264 psi 
Brittleness temp, 0F 
Max temp for continuous use 
(no load), F 
C177 
D696 
D648 
D746 
-
095 
37 
0.3 
238 
220 
-
190 200 
-
46 
-
-
-
-
-
101 
3544 
0293 
177 205 
160 185 
-46 
-
207 
-
035 
320 
300 
-
-
11 6121 
-
214 216 
201 207 
-
CHEMICAL AND ENVIRONMENTAL 
RESISTANCE 
Water absorption, % 
In 24 hr 
S a t u r a tion 
Weathering 
Acids 
Weak 
Strong 
Alkalis 
Weak 
Strong 
Organic solvents 
Fuel 
D570 
.... 
Slight effect 
Resist 
Attack 
Resist 
Resist 
Attack 
.... 
012 
Slight effect 
Resist 
Attack 
Resist 
Resist 
Attack 
006009 
Resist 
Resist 
Attack 
Resist 
Resist 
Attack 
Embrittles 
Resist 
Resist 
Resist 
Resist 
Attack 
035041 
Slight effect 
Resist 
Attack 
Resist 
Resist 
Attack 
Attack 
Oil and grease 
METHODS OF PROCESSING Inj mldg In] mldg, extrusion,, Extrusion, thermo 
thermoforming forming 
In,mldg 
Sion 
extru otmmldg, 
extrusion, 
thermo 
K-.'c 
forming 
Cellulose Acetate 
ASTM Grade 4 H6- H4-1 H12-1 MH-1, MH-2 MS-i, MS-2 S2-
ASTM 
PHYSICAL PROPERTIES 
Specific Gravity D792 1 29-1 31 1 25-1 31 1 24-1 31 1 23-1-30 1 22-1 30 
Ther Cond, Btufhr/sq ft°FfIt C177 0 10-0 19 0 10-0 19 0 10-0 19 0 10-0 19 0 10-0 19 0 10-0 19 
Coef of Ther Exp, 10- per OF D696 4 4-9 0 4 4-9 0 4 4-9 0 4 4-9 0 4 4-9 0 44-9 0 
Refractive Index D542 1 46-1 50 1 46-1 50 146-1 50 146-1 50 1 46-1 50 1 46-1 50 
Spec Ht, Btu/lb/=F - 03-042 03-042 03-042 03-042 03-042 03-042 
Luminous Transmittance, % D791 75-90 75-90 80-90 80-90 80-90 80-95 
Haze, % D672 2-15 2-15 2-10 2-10 2-10 2-8 
Water Absorption (24 hr), % D570 - 1 7-27 1 7-2 7 1 8-4 0 21-40 2 3-4 0 
Flammability, ipmb D635 0 5-2 0 0 5-20 0 5-2 0 0 5-2 0 0 5-2 0 ') 5-2 0 
MECHANICAL PROPERTIES 
Ten St at Fracture,I1OO psi D638 - 7-8 5 8-7 2 4 8-6 3 3 9-5 3 3 0-4 4 
Hardness (Rockwell R) D785 - 103-120 89-112 74-104 54-96 49-88 
Impact Str (Izod), ft-Ibiin of notch - D256 - 11-3 1 1 5-3 9 2 5-4 9 2 9-6 5 4 0-6 8 
Modulus of Elast inFlex, 103 psi D747 - 2 0-2 55 150-2 35 1 50-2 15 1 25-1 90 105-1 65 
Flex Str at Yield, 1000 psi D790 - 8 1-11 15 6 0-10 0 4 4-8 65 38-7 1 3 5-5 7 
Compr Str at Yield, 1000 psi D695 - 6 5-10 6 4 3-9 6 4 4-8 4 3 2-7 2 3 15- 1 
ELECTRICAL PROPERTIES 
Vol Res, ohm cm D257 10l1-Oi$ 101_1013 1010-10i 1010-101" 10It1-013 1010-1013 
Dielec Str (short-time). v/ml D149 250-00 250-600 250-600 250-600 250400 250-600 
DOle Const 
60 Cycles D150 3 5-7 5 3 5-7 5 3 5-7 5 3 5-7 5 3 5-7 5 3 5-7 5 
106 Cycles D150 3 2-7 0 3 2-7 0 32-7 0 3 2-7 0 3 2-7 0 3 2-7 0 
Dissip Factor 
60 Cycles D150 - 0 01-0 05 0 01-0 06 001-0 06 0 01-0 06 0 01-0 06 
10, Cycles D150 - 0 01-10 00010 0 01-0 10 0 01-0 10 0 01-0 10 
APPLICABLE PROCESSING Injection molding, extrusion, thermoforming, rotational molding, 
METHODS blow molding foam 
HEAT RESISTANCE 
Heat Deflection Temp, F 
66 psi - 172-203 145-188 145-170 136-153 132-141 
264 psi - 145-188 120-172 128-155 123-141 117-129 
CHEMICAL RESISTANCE Unattacked by water, salt water solutions, white gasoline, oleic acid, 5%acetic acid anddilute sulfuric acid Decomposed by 30% sulfuric, 10% nitric and 10% iydrochloric acids, 
sodium hydroxide, and 10% ammonium hydroxide Dissolved by acetone and ethyl 
acetate 
USES Film, tape, blister packaging, appliance housings, optical parts, tool handles, brush 
handles, toys and novelties, toothbrushes, buttons, tags 
,According to ASTM D706-6S bSel-extngishing compositions are available. 
Cellulose Acetate 
Cellulose Acetate 
Butyrate and 
Propionate 
ASTM Grade- #_ 
Cellulose Acetate Butyrate 
H4 MH S2 
Cellulose Acetate Proplonate 
1 3 6 
PHYSICAL PROPERTIES 
Specific Gravity 
Ther Cond, Btu/hr/sq ft/°F/ft 
Cost of Ther Exp, 10-' per 'F 
Refractive Index 
Spec Ht, Btu/lb/'F 
Luminous Transmittance, % 
Haze, % 
Water Absorption (24 hr), % 
Flammability, ipm 
ASTM 
D792 
C177 
D696 
D543 
D791 
D672 
D570 
D635 
1 22 
0 10-0 19 
(6-9) x 10-5 
1 46-1 49 
0 3-0 4 
75-92 
2-5 
2 0 
0 5-1 5 
1 18-1 20 
0 10­ 19 
(6-9) x 10-' 
1 46-1 49 
0 3-0 4 
80-92 
2-5 
1 3-1 6 
0 5-1 5 
115-1 18 
010-0 19 
(6-9) x 10-s 
146-1 49 
0 3-0 4 
85-95 
2-5 
0 9-1 3 
0 5-1 5 
1 22 
0 10-0 19 
(6-9) x 10- 5 
146-1 49 
0 3-0 4 
80-92 
2-5 
1 -2 0 
0 5-1 5 
1 20-1 21 
0 10-0 19 
(6-91 x 10-' 
1 46-1 49 
0 3-0 4 
80-92 
2-5 
13-1 8 
0 5-1 5 
119 
0 10-0 19 
(6-9) x 10-5 
146-1 49 
0 3-0 4 
80-92 
2-5 
16 
0 5-1 5 
MECHANICAL PROPERTIES 
Ten Str at Fracture, 1000 psi 
Hardness (Rockwell R) 
Impact Str (Izod), It-lb/in of notch 
Modulus of Elast in Flex, 10S psi 
Flex Str at Yield, 1000 psi 
Compr Sir at Yied, 1000 psi 
D638 
D785 
D256 
D747 
D790 
D695 
6 9 
114 
3 0 
1 80 
9 0 
8 a 
5 0-6 0 
90-100 
4 4-6 9 
1 20-1 40 
5 6-6 7 
5 3-7 1 
3 0-4 0 
23-42 
7 5-10 0 
0 70-0 90 
2 5-3 95 
2 6-A 3 
5 9-6 5 
100-109 
1 7-2 7 
17-1 8 
6 8-7 9 
62-7 3 
5 1-5 9 
92-96 
3 5-5 6 
1 45-1 55 
56-6 2 
4 9-5 8 
40 
57 
9 4 
1 1 
-
ELECTRICAL PROPERTIES 
Vol Res, ohm cm 
Dielec Str (short time), v/mil 
Dielec Const 
60 Cycles 
104 Cycles 
Dissip Factor 
60 Cycles 
106 Cycles 
D257 
D149 
D150 
D150 
D150 
D150 
10ii-104 
250-400 
3 5-6 4 
3 2­ 2 
0 01-0 04 
0 02-0 05 
10"-10'4 
250-400 
3 5-6 4 
3 2-6 2 
0 01-0 04 
0 02-0 05 
1011-1014 
250-400 
3 5-6 4 
3 2-6 2 
001-0 04 
0 02-0 05 
1o"-1014 
300-450 
37-40 
3 4-3 7 
0 01-0 04 
0 02-0 05 
I10-101' 
300-450 
37-40 
3-4-3 7 
0 01-0 04 
0 02-0 05 
iol-I014 
300-450 
3 7-40 
3 7-3 4 
0 01-0 04 
0 02-0 05 
APPLICABLE 
METHODS 
PROCESSING Injection molding, extrusion, 
thermoforming, rotational molding, 
blow molding 
Injection molding, extrusion, 
thermoforming, rotational molding, 
blow molding 
HEAT RESISTANCE 
Heat Deflection Temp. 'F 
66 psi 
264 psi 
222 
196 
171-184 
146-160 
136-147 
118-130 
191-201 
163-173 
169-187 
141-157 
163 
129 
CHEMICAL RESISTANCE Unaffected by 3%sulfuric, 5%acetic, 10% hydrochloric and oleic acids, discolored by 
10% nitric acid Unaffected by 1%sodium hydroxide and 2%sodium carbonate, slightly 
softened by 10% sodium hydroxide and discolored by 10% ammonium hydroxide, 
Unaffected by white gasoline, but swollen or dissolved by ethyl alcohol, acetone, ethyl 
acetate, ethylene dlichionde, carbon tetrachloride and toluene Unaffected by water, salt 
water and 3%hydrogen peroxide 
USES Vacuum-formed outdoorsignsand molded 
letters, blister packaging, TV and radio 
knobs, handles, pipe, pens, optical parts, 
containers 
Telephones, steering wheels, blister pack 
aging, toothbrushes, pens, knobs, con 
tainers, optical parts 
&Accordiog to ASTM D707-63 a=d DXESe-bO, respectively 
Diallyl Phthalates 
Type * 	 Orion-Filled Dacron-Filled -Asbestos-Filled Glass Fiber-Filled 
PHYSICAL PROPERTIES ASTM

Specific Gravity .- - - .D792 1 31-135 1 40-165 150-196 155-185

" "5 "sCoef of Ther Exp, per OF . D696 5 0 x 10 5 5 2 x 10 4.0 x 10 2 2-2 6 x 10's

Water Abs(122 F 48hr),% . 02-05 02-05 04-07 02-04

MECHANICAL PROPERTIES 
Mod of Elast in Tension, psia D638 6 x 105 - 12 x 10s ­
Ten Str, psi . . 0638 4500-6000 4600-5500 4000-6500 5500-9500

Hardness (Rockwell) . .
 D785 M108 - M107 M108

Impact Str (Izod notched), ft-lb/in. 
 D256 0 5-1 2 17-45 0 30-0 50 0 5-15.0

Flex Str, 1000 psi... .
 D790 7 5-10 5 9-11 5 8-10 10-18

Compr Stir, 1000 psi 
 D695 20-25 20-30 18-25 25

ELECTRICAL PROPERTIES 
Dielec Str, v/mi! 
Short Time (dry) . . 149 400 376-390 350-450 350-430

Short Time (wetb . . .D149 375 360-391 300-400 300-420

Step-by-Step (dry) .
 D149 350 350-374 300-400 300-420


Step-by-Step (wetb) 
 D149 325 350-361 250-350 275-420


Dielec Breakdown, kv 

Short Time (dry) .. - 65-75 65 55-80 63-70


Short Time (wet") .... ... - 60-65 60 55 45-65


Step-by-Step (dry) . - 55-60 60 38-70 55-65


Step-by-Step (wet") ... - 46-60 55 39-60 45-65


Dissip Factorc 
Dry D150 0023, 0015 0 008, 0 015 005,003 0 01,0 015 
Wetd . . ..... - D150 0 045, 0 040 0 009, 0 017 0 154, 0 050 0012, 0020 
Dielec Conste

Dry 
	 D150 3 9, 3 3 3 8, 3 6 5 2, 4 5 4 5, 4 2
 
D150  4 1, 3 4 3 9,3 7  6 5, 4 8  4 6 , 4 4
 Wet d ............ .

\"1 Res, megohm-cmd 
 D257 60,000-6,000,C00 100-25,000 100-5000 10,000-50,000

Surface Res, megohms d ... 
 D257 25,000-2,500,0001 500-25,000 100-5000 10,000-100,000

Arc Resistance, sec - . .
 D495 85-115 105-125 125-140 125-135

APPLICABLE PROCESSING METHODS 	 Injection molding, compression molding, transfer nolding, layup molding 
HEAT RESISTANCE 
Max Recommended Svc Temp, F -... 
 - 300 300-370 350-450 400-450


Heat Dist Temp, F 
 D648 240-266 270-290 300-350 350-500


CHEMICAL RESISTANCE 	 Unaffected by weak acids and alkalis and organic solvents. Slightly af­
fected by strong acids and alkalis 
USES 
	 Molding compounds-connectors, potentiometers, plugboards, housings,
appliance fixtures, resistors, insulators, etc Preregs-adomes, air­
craft leading edges, housings, nose cones, air ducts, etc Laminates­
decorative sheets for surfacing real and grain-printed wood and fabrics, 
etc


a Conditioned 48 hr at 122 F bTested after 48-hr immersion in water at 122 F CValues given for frequencies of 1 kc and 1 me, in 
that order dConditioned 30 days at 100% RH and 158 F 	 eFlame-reszstant type is available f4s0 hr, 257 F 
Epoxies


Standard Epoxies (Diglycidyl Ether of Bisphenol A) 
Type 	 FiamnCast Rigid- Cast Flexible Moldedo Unidirectional High Strength Filment 
Laminate Laminate- Composite 
PHYSICAL PROPERTIES ASTIM 
Specific Gravity D792 115 114-118 180-2 0 18 184 218-2 17Ther Cond, Btu/hr/sq ft/°F/ft D325 0 1-03 - 01-05 - 235 -
Coef of Ther Exp, 10 5per 'F D696 33 35 1-2 3 3 -48"x 104 33-4 8 x 10-4 26 Specific Heat, Btu/lb/'F 04-05 - - - 021 024Water Absorp (24 fir), % D570 01-02 04-10 03-08 005-007 005 005-007 
Transparency (visible light), % 	 90 85 Opaque Opaque Opaque Opaque
Refractive Index, n, 	 D2 1 61 161 - - - -
MECHANICAL PROPERTIES 
Tensile Str, 1000 psi . 638 95-11 5 14-7 6 8-11 50-58 160 230-240 
(Hoop)Tensile Mod, 103 psi D638 45 05-25 - 33-36 57-58 72-64Elongation, % D638 44 15-60 - - - -
Impact Ste (Izod notched), ft-lb/in D256 02-05 03-20 04-05 12-15 60-61 ­
(edgewise)Flexural Sr, 1000 psi 	 D790 14-18 12-127 19-22 80-90 165-17? 180-170
Mod of Elast in Flex, 10s psi D790 	 45-5 4 036-3 9 15-25 36-39 53-55 69-75Compr Strength, 1000 psi D695 165-24 - 34-38 50-60 80-90 ­(edgewise)
Hardness (Rockwell) D785 106M 50-OOM 75-80 115-117M 70-72 98-120M 
(Barco) (Barcol) 
ELECTRICAL PROPERTIES 
Vol Resist, ohm cm D257 61x 101s 9 1 x 103- 1-5 x 10' s - 6 6 x 107-109 -
Dielectric Str 67x 109

(step by step), v/mil D149 >400 400-410 360-400 450-550 650-750 -

Dielectric Constant D150


60 cycles 402 443-479 44-54 53-54 -­

106 cycles 342 278-352 41-46 47-48 48-52 -

Dissipation Factor D150


60 cycles 00074 00048-00380 0011-0018 0004-0006 ­

106 cycles 0032 00369-00622 0013-0020 0024-0026 0010-0017 -
Arc Resistance, sec 	 D495 100 75-98 135-190 130-180 - -
APPLICABLE PROCESSING Casting Casting Injection, Layup Layup Filament
METHODS compression molding molding winding 
and transfer 
molding 
HEAT RESISTANCE 
Max Rec Svc Temp, F . - 175-190 100-125 <400 250-350 250-350 250-350 
Heat Deflection 
Temp (264 psi), F 	 D 90-155 340-400 - - 280-2950648 230 
CHEMICAL RESISTANCE 	 Highly res to water and strong alkaline environments, less res to sulfuric and acetic 
acids, and oxidizing agents 
USES 	 Potting and encapsulation Electrical High strength parts such Rocket 
of electronic components, moldings, as laminated tools for motor 
precision castings, tools such as metal forming, aircraft cases,
and dies, patching com- condens- structural parts, pipe, leaf chemical 
pounds 	 ers, switch or coil springs, high tanks, pipe,plates, con- strength electrical or pressure
nector chemical resistant parts bottles, 
plugs, re-	 high
sistor 	 strengthbobbins and 	 tubing,
wirewound 	 shotgun 
resistors, barrels, 
molded msse 
cols, relay bodies 
_________________________________________ 
___________________ ssemblies 	 bde 
13 phr of TETA curing agent b30 o phr of flexible curing agent cMineral glass reinforced d23 phr aromatic amine curing agent, 12 plies E-181glass cloth with Volan A finish e36% resin, 64% unidirectional nonwoven glass fiber reinforcement tNOL rings made with 12 end EHTS glass,
15 phr metaphenylenediamine curing agent 
A.- t', 
Epoxies

High Performance Resins 
Type __ _ Epoxy Novolacs (Cyclealiphatic Diepoxades) 
Cast, Rigdl-Cat Molded h Glasi Cloth Glass Clothigd l h L m nate' Cast, Rigidi L minatek 
ASTIAtPHYSICAL PROPERTIES 

Specific Gravity D 124 197 122 197
0792 17 
Ther Cond, Btu/Ir/sq ft/'f/ft - - - - -

Coet of Ther Exp, per 'F x 10 6 D696 - !7-2.2 - 16-30 -

Specific Heat . . 

Water Absorption (24 hr), % D570 - O11-0 2 004-006 01-071 -

Transparency (visible light), % - - Opaque Opaque - Opaque 

MECHANICAL PROPERTIES


Tensile Strength, 1000 psi 
 D638 8-12 52-53 50-52 96-120 592 

Tensile Modulus, 105 psi 
 0638 4-5 - 32-33 48-50 275 

Elongation, % 
 0638 2-5 - - 22-48 -

Impact Str (Izod notched), ft-lb/in D256 05 03-05 13-17 - -

Flexural Strength, 1OO psi D790 11-16 10-12 70-72 12-13 84-89 

Mod of Elast inFlex, 105 psi - D790 4-5 - 28-31 44-48 32-35 

Compr Strength, 1000 psi D695 17-19 22-26 67-71 30-50 48-57 

Hardness (Rockwell) D785 107-112- 94-960 75-80 - -

ELECTRICAL PROPERTIES 
Volume Resistivity, ohm-cm D257 2 10 x 10", 14-5 5x 1014 - > 106 -
Dielectric Str (step by-step), v/mil D149 - 280-400 - 444 (short time) -
Dielectric Constant 
 D150 
60 cycles 
 396-402 47-57 - 334-339 441443 
106 cycles 
 353-358 43-48 	 51 m - -
Dissipation Factor 
 D150 

60 cycles 
 00055-0 0074 00071-0025 - 0001-0007 ­

10' cycles 
 0029-0 028 - 0015" - -

Arc Resistance, sec D495 - 180-185 - 120 -
APPLICABLE PROCESSING 
 Casting 	 Injection mold Reinforced Casting Reinforced 
METHODS 
 ing, compression layup mold layup mold 
molding, transfer ing 	 ing
molding 
HEAT RESISTANCE 
Max Rec Svc Temp, F - 450 450-500 450-500 450-500 450-500 

Heat Deflection Temp (264 psi), F D648 300-400 300-425 - 300-525 -

CHEMICAL RESISTANCE Res water and strong alkalis, more res to sulfuric and Outstanding weather res compared to 
aceticacidand oxidizingagentsthanstandard epoxysystems other epoxy systems Highly res to 
water, strong alkaline environments, 
less res to sulfuric and acetic acids, 
oxidizing agents 
USES Impregnation and 	 Electrical and elec- High temp tooling, Encapsulation, in- Electrical lamin­
potting requiring tronic encapsula- structural lami- pregnation and ates req outstand­
high heat res, tion designed for nates, ablatives potting req out- ing weather res 
adhesives high temp standing arc and 
___tracking res 
g28 phr methylene dianmine, cure-16 hr at 130 F, 2 hr at 257 F, 2 hr at 347 F iLMneral-filed proprietary compounds 112 plies glass cloth with 
Voian A finish, 26-27% resin, cure-20 min at 383 400 F and contact pressure, plus 24 min at 419 F post cure 12 phr of hexahydroohthaic 
and anhydride, 12 phr sodium alcoholate accelerator, cure-24 phr at 250 F and post cure of 3 phr at 400 F R100 phr resin, 85 parts anhy­
dride curing agent, 281 Volan glass cloth, 11 hr at 212 F "1 mc 'Durometer 
Fluorocarbons 
Ceramic- Fluorinated ETFE & ECTFE 
Type Plycoroethylen (TrafluoReinforced Ethylene ProPlyvinyldene PEA 
Tthyen ethylene (PTFE)fluoride 	 (PVF)(PTFCE) 	 (PTFE) 	 pylene (FEP) Std remf 
PHYSICAL PPOPERTIES ASIM 
Specific Gravity 0792 210215 2123 2224 214217 177 168 186 212217 
Ther Cond, Btu/hr/sq ft/°F/ft * 0145 014 - 012 014 - - -
Coef of Ther Exp, per OF x 10- D698 388 55 1720 83105 85 14 17 67111 
Refractive Index 0542 143 135 - 134 142 144 - -
Specific Heat, Btu/Ib/°F 0 22 0 25 - 028 033 - - -
Transmittance (luminous) % 0791 80 92 - - - 0 7 08 - -
Water Absorption (24 hr), % 0570 000 001 > 2 001 003 - 001 003 
MECHANICAL PROPERTIES 
ModofElastinCompr, psi D638 18x10 070090x10' 1520x10' 0608x10' 172x10' - - -
ModofElastinTension, psi 0638 1930x10' 038065x10' 1520x10 0507x10' 172x10' 24x105 111x10' -
Ten Str, 1000 psi 0638 4657 2565 7525 2535 7286 4045 120 43 
Elongation (in 2 in), % D638 125 175 250 350 10 200 250 330 200 300 150 200WIA 9 200 
Hardness (Rockwell) D785 R110 115 52D R35 55 58D R10 R95 - D60 
Abrasion Res, gm/cycle 00080 - - - 00006 00012 0005 - -
Impact Str (Izod notched), ft lb/in 0256 350362 2540 - No break 3 8 No break 7 -
Mod of Elast in Flexure, psi 0747 2025 x 10' 06x 10' 464 x 10' 08x10' - 24x 10' 95 x 10' 10x 10' 
- -
2 - 15 -Flex Str (0 1% offset), 1000 psi 1790 3 5 -

Compr Str (01%offset), 1000 psi I0695 20 07-18 14 18 1 6 128142 - - -

ELECTRICAL PROPERTIES 
Volume Resistivity ohm cm 0257 101, >101 10", >2 x 10" 5 x 10" 10" - >10w 
Dielec Str (short time), v/md 0149 530 600 400 500 300 400 500 600 260 490 - 2000 
Dielectric Constant 
60 Cycles 0150 2627 21 2936 21 100 26 - 21 
la, Cycles 0150 230237 21 2936 21 75 25 - 21 
Dissipatiori Factor 
60 Cycles 0150 002 00002 0005 0015 00003 0050 00007 - 00002 
10' Cycles 0150 0007 0010 00002 0005 0015 00003 0184 0009 - 00003 
Arc Resistance, sec 	 >360 >200 - >165 50 60 135 ­ -
APPLICABLE PROCESS 	 Compres Compression Inject Inject Inject, rotational, Injec 
ING METIHODS 	 sion midg, molding, molding, molding, blow &transfer tion mldg, 
isotactic isostactic extrus extrus, molding, extrus, extrusion, 
pressing molding compres compres thermoforming, blow midg 
mId mold foam 
ing ing 
HEAT RESISTANCE 
Max Rec Svc Temp, F 380 550 450 500 400 340 300 355 - 500 
Heat Dist Temp, F 
66 ps D648 196291 - 350480 - 300 220240 - ­
264 psi 0648 151 178 - 170 220 - 232 160 170 285 -
CHEMICAL RESISTANCE 	 High res to Inert to most chemicals and solvents with Res to most Res to Res to Same 
corrosive exception of alkali metals Halogenated acids and Bost acids most acids as 
chemical & solvents at high temperatures and pres bases ex & bases & bases PTFE 
most organ sure have some effect cept fuming 
ic solvent sulfuric 
USES 	 Chemical Chemical pipes Bearings, Electronic Seals, chem PTFE 
pipes pump valves and bushings, instruments, ical pipe and uses req 
parts, cables, liners, gaskets, wear sur valve linings, fittings gas more 
tank linings, packings, faces, elec amiates, kets, elec 	 ease of 
connectors, pump bearings insulators, corrosion trical jackets processing 
connector and impellers, gaskets resistant and primary 
inserts, valve electrical equip, packings, and non insulation, 
diaphragms, anti adhesive valve seats adhesive finishes 
insulation coatings in corrosive coatings 
I condit ns I I 
a A proprietary materal consisting of polyetrafluarocthylene and special constituents designed to improve TFE s mechanical and thermal properties while retaining its 
electrical and chemical characteristics h Range covers properties for compounds ccntaining from 10-25% glass Cenco Fitch d Federal Spec I P 406A No 1092 1 
* From 73 to 500 F 
Foams-Rigid (no surface skin) 
Type- ABS 
Cellulose 
Acetate Epoxy 
Syntactic 
Epoxya Phenolic 
Poly 
ethylene 
Poly 
propylene 
Density, pcf-­ 31 6 8 5-8 36 42 2-4 34 5 
ASTM 
fher Cond, Btu/nr/sq ftPF/m 177 058 031032 024-028 456 - 020022 092 027 
-Coefof Ther Exp, per t Fx 10 5 0696 97 25 23 45 - 05 418 ­
-Water Absorption, % vol C272 06 13-17 - - 15 <3 022 
Dielectric Constant at 10s cps - 159 1101 12 2 0 155 - - 148 -
Dissipation Factor at 106 cps - 0007 0003 0005 001 - - 00003 -
Max Rec Service Temp, F - 200 350 400 500 300 300 270 195 230 
Tensile Str, psi 01623 1400 170 50200 3300 4600 2055 1000 170 
Ultimate Ten Elong, % 01623 - - - - - - - -
Mod of Elast in Tension, 1000 psi 01623 24 - - - 610 - - -
Compr Sir, psi (10%), 01621 - 125 150 6090 9600 13,400 2090 800 55 
Mod of Elast inCompr, 1000 psi 01621 - 5513 2 16 5 373 480 - - 12 
Flex Str, psi D790 24 150 200 800 3800 6000 25 65 1900 230 
Mod of Elast in Flex, 1000 psi 0790 9 55 256 - - - 88 96 
Shear Str, psi C273 - 140 - 3800 4400 1530 - -
Mod of Elast in Shear, 1000 psi C273 - - - - 04075 - -
Hardness (Shore D) - 60 - - 80 85 -... 
Giass microsphere filled epoxy 
Polyvinyl Polystyrene 
Type- Chloride (expanded) Urea Urethane 
Density, pcf-- 3 2 6 0812 2-3 4-7 1825 
ASTM 

Ther Cond, Btu/r/sq ft/F/in 177 015-020 020028 020-025 018021 011023 015028 029052 

Coefof Ther Exp, per 'F x 10-5 D696 2 27-4 27-4 - 34 4 4 

Water Absorption, % vol C272 0 1 <0 1 < 0 1 - 3 4 152 02 

Dielectric Constant at 106 cps - - 102 124 - - -

Dissipation Factor at 106 cps - - <0 0005 - - - - -

Max Rec Service Temp, F - 180 175 175 120 200 250 250 300 300-400 

Tensile Str, psi D1623 100 200 5055 120 - 2070 90250 700 1300 

Ultimate Ten Elong, % 01623 520 5 2 - - - ­
M^l of Elast in Tension, 1000 psi 01623 3-4 740 6100 - - - -

Compr Sir psi (10%) 01621 70100 25 30 100 150 5 2050 -65 275 1200 2000 

Mod of Elast inCompr 1000 psi 01621 34 0552 36 - 0306 1545 1040 

Flex Str, psi 0790 120 160 5575 200 300 17 60 100 200 350 700 2000 

Mod of Elast in Flex, 1000 psi 0790 3-4 1338 515 07 0809 0815 12100 

Shear Str, psi C273 6080 35 150 - 20 30 60 130 7600 

Mod of Elast in Shear, 1000 psi 0273 225 11516 3 - 017021 0515 39 

Plastics and Rubber Foams - Flexible 
Polyethylene Silicone Urethane Vinyl(cellular) (foam in place) (prefoamed (open cell)Type, Densty'-- 2.2 -_________33b 41c 10 1520 4050 4and up 
Max Rec Service Temp, F 160 - - 500 - - -
Elec Res, microhm cm 15 x 107 - - 3 8x10'" - -
Dielec Str (short time), vlrml 55 220 220 50 - - ­
Dielec Const, 10' cycles 105e 15 184 117 d - - -
Dissip Factor, 10' cycles 00002 e 00004 00006 0 001  - - -
Tensile Strength, psi 2030 600 2100 5 12-20 1820 10200 
Elongation, % 60 300 350 40 150 250 100-125 75 300 
Tear Strength, lbfin 6 - - - 2030 1020 -
Compression Set (22 hr at 
158 F), % 15 - - 4 4 8 29 15 
Compression Deflection, psi 
Stress for 25% Det 85 - - 1 035 0922 3-500 
Stress for 50% Del 175 - - 3 045 - ­
a'ensity in lb/cu ft bBased on ow density polymer, typical expanded insulation (about 460. gas by vol) ceased on high density polymer typical expanded insula 
hIn iA,oui 30' gas by vol ) d 1O cycles eAt 10 1cps fRecovery at same temperature as compression 
REPRODUCIBILITY OF THE 
wrnAnlTV Tq POOP, 
Foams-Rigid (structural, integral skin type) a


Type * 
Density, Ib1/f 
ABS 
50 
Polycarbonate 
50 
Polyethylene 
37 5 
Polypropylene 
37 5 
Noryl 
50 
Polystyrene 
43 5 
Ther Cond, Btu/hr/sq ft/0 F/inCof ofTher Exp, pero°F xl 100696 
ASTM 
177 
- -
-6 7 -52 -- -50O 
Water Absorption, % vol C272 - - - - - -
Heat Deflection (264 psi), F D648 180 270 94 132 205 176 
Max Rec Service Temp, F - - - - - -
Tensile Str, psi D1623 2700 5500 1300 2100 3300 1800 
Ultimate Ten Elong, 0/ D1623 - - - - - -
Mod of Elast in Tension, 1000 psi D1623 - - -
Compr Str, psi (10%) D1621 1000 7500 - - 5500 -
Mod of Elast in Compr, 1000 psi D1621 - - - - - -
Flex Str, psi D790 3700 10,000 2700 3200 6000 4500 
Mod of Elast in Flex, 1000 psi 
Shear Str, psi 
D790 
C273 
125 
-
300 
-
120 
-
120 
-
240 
-
210 
-
Mod of Elast in Shear, 1000 psi C273 - - -
Hardness (Shore D) - - - 54 62 - 74 
Impact Str (Izod. unnotched), ft lb - - 2 5 1 25 - 23 
Glass fiber reinforced types 
Type -
Density, lb/ft3 -
Polyurethane 
345 
Polyester 
56 
Polypropylene 
45 5 
Nylon 
54 
Polystyrene 
525 
ABS 
525 
ASTM 
Ther Cond, Btu/hr/sq ft/°F/m 
Coef of Ther Exp, per OF x 10 -' 
177 
D696 -..... 
.­-  
Water Absorption, % vol 
Heat Deflection (264 psi), F 
Max Rec Service Temp, F 
C272 
D648 
-..... 
150 400 (66 psi) 162 
.­-
390 
-. 
190 210 
Tensile Str, psi D1623 - 550 3000 10,000 5000 7000 
Ultimate Ten Elong, % D1623 - - -
Mod of Elast in Tension, 1000 psi D1623 -.... 
Compr Str, psi (10%)
Mod of Elast in Compr, 1000 psi 
D1621 
D1621 
1600 9300 
-
.... 
- - - -
Flex Str, psi 
Mod of Elast in Flex, 1000 psi 
D790 
D790 
4200 
150 
17,000 
700 
6000 
400 
16,000 
650 
8500 
750 
12,000 
750 
Mhear Str,1si 
Mod of Elast i Shear, 1000 psi 
C273 
C273 
-.... 
- - - - - -
Hardness (Shore D) - 70 ..... 
Impact Str (Izod, unnotched), ft lb - - - 3 5 3 2 1 5 3 5 
* Also samples 025 in thick unless othenmiseshown 
A,-l 
Melamines 
Celulose Glass Alpha Cellulose 
Filler and Type *0 Unfilled Electrical Fiber and Mineral 
PHYSICAL PROPERTIES ASTM 
Specific Gravity 0792 148 143-150 19-20 149 
-Ther Cond, Btu hr sq ftJF/ft 	 - 017-0 20 028 
-Coef of Ther Exp, per -F 0696- 111-2 78 x 10 082 x10- -

Transmittance (luminous), % Good Opaque - -

Water Absorption (24 hr), % D570 02-05 027-080 009-060 05


Flammability 	 Self extinguishing Self extinguishing Self extinguishing Self-extinguishing 
Mechanical Properties 
Mod of Elast in Tension, psi 638- 10-11 x 10' - -
Ten Sir, 1000 psi 0638 5-9 5-10 5 
Elong (i2 in ), % 638- 06 - -
Hardness (Rockwell) 0785 Elio M115-125 ­ -
Impact Sir (Izod notched), it-lb/in 0256 - 027-036 05-120 030


Mod of Elast inFlex, psi 0790 10-13 x 105 10-13 x 10' 24 x10' -

Compr Str, 1000 psi D695 40-45 25-35 20-32 -

Flex Str, 1000 psi D790 95-14 6-15 10-24 8


ELECTRICAL PROPERTIES 
Vol Res, ohm-cm 0257 - 1012-10" 1-7 x101" 1012 
Dielec Str (short time), v/mi 0149 - 350-400 250-300 375 
Dielec Const 
60 Cycles 0150 79-110 62-77 70-111 ­

10' Cycles 0150 63-73 52-60 69-79 64


Dissip Factor


60 Cycles 0048-0162 0026-0192 014423 ­

10 Cycles 0031-0 040 0032-0 12 0013-0 03 0031


Arc Resistance, sec 0495 100-145 70-135 180-186 125


'PLICABLE PROCESSING Compression molding transfer molding and, insome uses


METHODS inlection molding


HEAT RESISTANCE 
Max Rec Svc Temp, F 210 250-280 300-40O 275-325 
Heat Dist Temp (264 psi), F D648 293-298 265 400 300 
CHEMICAL RESISTANCE 	 Resistant to weak acids, weak alkalis, organic solvents, greases and oils Attacked by strong 
acids and strong alkalis 
USES 	 Pearlescent buttons, General mechanical Applications requir Primarily electrical 
moldings ornamen- and electrical appli ing high shock re- applications requir­
tal applications cations, particularly sistance, good elec- ing low after shrink­
at elevated tempera- trical properties, and age, good dimensional 
tures Applications high resistance to stability and excel­
requiring improved burning Switchgear, lent molding charac­
holding power for terminal strips, stand teristics 
metallic inserts such off insulators, coil 
as elechical and elec- forms 
tronic parts 
- -
Nylons 
Type 6 
Type 12 TransType* 	 General Fiber (30%)GeeasCast Fyxee Tep Tye 1 parent 
Purpose' Reinforced* Copoymers Type 8b Type 11p 
PHYSICAL PROPERTIES ASTM 
Specific Gravity D792 114 137 115 112114 109 104 101 112 
Ther Cond, Btu/hr/sq ft OF/in - 12 12 17 12-17 - - 15 17 ­
-Coef of Ther Exp, 10 3 per OF D696 48 12 44 - - 5 5 72 28


Specific Heat, Btu/Ib/°F - 04 - 04 - 04 058 028 -

Refractive Index, no D542 - - - - - - - 1 566


Water Absorption (24 hr), % D570 17-18 13 06 0814 95 04 025 041


MECHANICAL PROPERTIES 
Tensile Strength (2 in/min)d D638 
Ultimate 95125 2123 128 75100 - - 7185 -

Yield 85125 - 128 75100 39 85 5565 98

Elongation (2 in /mi), % D638


Ultimate 30220 2 4 20 200 320 400 100 120 120 350 130


Yield 	
 5 - - -	 5 8 ­
Mod of Elast inTension, 10 psi D638 - 10 12 5 4 - 0 3 178 185 1721 4 05 
Flex Strength, 1000 psi D790 tnbreak 2634 165 34-164 - - - 13 26 
Mod of Elast inFlex, 10 psi D790 1437 1012 505 09232 04 151 - 386 
Impact Str (Izod notched), ft lb/in D256 0812 323 12 1519 >16 3336 1242 -
Compr Strength (1% offset)' D695 9 7 19 20 14 - - - - 3 39 
Hardness (Rockwell) D785 Rl18 R120 R121 R116 R72 Rl19 - 11100 R108 R106 M93 
. - -
Coef of Dyn Frict - - - 032 

Abrasion Res (Taber, CS 17),


mg/lO00 cycles D1044 5 - 27 - 21


ELECTRICAL PROPERTIES 
' Volume Resistivity, ohm cm D257 	 4 5 x 10" 2 8 10" to 26 x 10" - 1 5 x 1011 2 x 10" 10"-10" >5 x 10" 
15 x 10' 
Dielectric Str (short time), v/md D149 385 400 450 380 440 340 425 840 670 
Dielectric Constant D150 
60 cycles 4053 4656 40 3240 9 3 3(10'cps) 36(10'cps) 3 99 
1l cycles 3638 39 54 33 3036 40 - - -
Dissipation Factor D150 
60 cycles 006 0014 0022 0008 0 015 0007 0010 019 003 004(10'cps) 0028 
10" cycles 0 03 004 0019 0015 005 0010 0015 008 002 - -
Arc Resistance, sec 	 D495 - 92 81 - - - - - 120 
HEAT RESISTANCE


Max Rec Service Temp, F - 250 300' 250 300 250 300 175 200 - 212 250 175 230 -

Deflection Temp, F D648


66 psi 360 425 428 420 260 350 129 302 - 284 
264 psi 155 160 420 419 410 115 130 - 131 - 256 
APPLICABLE PROCESSING 	 Injection mold Rota Extru Extrusion, in Extru Injection 
METHODS 	 ing, extrusion, tional sion, ection mold sion, molding 
rotational mold mold injec Ing inlec blow mold, 
ing, blow mold Ing tion tion extru 
mng mold- mold compr 
ing 	 Iog molding 
CHEMICAL RESISTANCE 	 Resists esters, ketones, Res most IRes esters, Exc res to Res alkalis Res alkalis I Res weak 
alkalis, weak acids, alco organic 1ketones al aqueous al petroleum petroleum Iacros a[ 
hols and common sol chem, suchlkahs, weak kalis, ali products jproducts and Ikah, strong 
vents Not resistant 	 as alcohols acids, alco phatic and and corn common or alkali oil 
to conc mineral acids 	 ketones, hols and aromatic Imon or Iganic sol greases 
hydrocar common hydrocar Igam sol vents Not 'Attacked by 
bons and solvents bons, ether vents Not res to phe strong acids 
chlor solv Not res to and mineral res to phe Inols and alcohols and 
Att by str cooc mm oils, poor nols and conc acids org solvents 
acids, eral acids good res to conc acids and oxi 
phenols, st dil mm and oxi dants 
oxidizing acids, alco dants 
agents hols, arom 
acids 
USES 	 Bearings, Gen pur- Bearings, Parts re Molded Elec insulal Filament, Lenses, con 
gears bush pose type wearplates, quiring high parts re tion and rod, tubing tamers, 
rogs, coil 6 parts bushings, impact quiring other nylon sheet mold gauges, fuel 
forms, requiring gears, roll strength or flexibility uses whereI ings req tanks 
brush greater ers, stock flexibility and chem low mois dim stabil 
backs, rod, stiffness shapes ical res absorp is ity and low 
tubing tape and dimen moist absorpIneede 
stab I 
Dry asmolded properties 	 b Non cross linked can he cross linked e Dynamic no lubrication nylon to steel 1000 psi ' 0 4 self ext Io slow tulr r Heat stabiized 
., iq 
Nylons 
6/6 Nylon 	 6/10 Nylon 
6/12 Mineral
General Glass Fiber, 	Type 	 renfPurpose Glass Fiber Molybdenum General General Glass Fiber Mose Reinforced' Disullide Purpose Purpose (30%) Nylon nylonMolding 	 Filled' Extrusion' Reinforcedc 
PHYSICAL PROPERTIES ASTM 
Specific Gravity D792 113-1 15,- 137, 147 137-1 41 113, 115 107-109, - 130 106-1 08 147 
Ther Cond Btu/hr/sq ft/F/in - 1 7,- 15,33 - 17,- 15 35 15 -
Coef of Ther Exp, 10 5 per OF D696 45,- 21, 14 175 - 5 25 50 27-50 
Specific Heat, Btu/Ib/°F - 03-05 - - 03-05 03-05 - 03-05 -
Refractive Index, n, D542 Transluc Opaque Opaque Opaque Opaque Opaque Translucent Opaque 
Water Absorption (24 hr), % D570 15,- 09, 08 05-07 15 04 02 04 05-08 
Coef of Static Frict (against self) - 004-0 13,- --..- 023 
MECHANICAL PROPERTIES 
Tensile Strength, 1000 psi D638 
Ultimate 118, 112 25, 30 19-22 126,86 85, 71 19 88, 88 -
Yield 118, 85 - - 126, 86 85, 71 - 88, 74 9-10 
Elongation, % D638 
Ultimate 60, 300 18, 22 3 90, 240 85, 220 19 150, 340 10-25 
Yield 5,25 - - 5,30 5,30 - 7,40 -
Mod of Elast in Tension, 10' psi D638 475,385 14, 20 - - 28-3O, - - - 50 
Flex Strength, 1000 psi D790 Unbreak 26, 35 26-8 - 8 23 - 12-16 
Mcd of Elast in Flex, 10- psi D790 410, 175 10, 18 11-13 41, 175 28,1 6 85 29, 18 33-60 
Impact Str (Izod notched), ft lb/mD638 10, 20 25 34' - 13,- 06,16 34 10,14 10-15 
Compr Strength (1%), 1000 psi D695 49,- 20, 24 - 4 9 (1%), - 3 0 (1%), - 18 24, - -
Hardness (Rockwell) D785 R118, R108 E60, E80 M95-100 R118-108 Rll E40-50 R114,- R119-121 
Abrasion Res (Taber CS 17, 
1000g), mg/1000 cycles D1044 3-5, 6-8 - - -, - - -, 5 7 12-30 
ELECTRICAL PROPERTIES 

Volume Resistivity, ohm cm D257 10" - 10' 	 5 5 x 10", - 10" 10"= - 10 ', 10"s 10', 

2 6 x 10", 
Dielectric Str (short time), v/m D149 385 400, 480 300-400 - 470 - - 280-485 
Dielectric Constant D150 
60 cycles 	 40,- 40,44 - - 39,- - 40,60 ­
10' cycles 	 36, - 3 5, 41 - - 35,- - 35, 40 -
I zsipation Factor D150 
60 cycles 0014, 004 0018, 0009 - - 004, - - - ­
10i cycles 004, - 0017, 0018 - - - - 002, 003 -
Arc ,3sistance, sec D495 120 	 148, 100 135 120 120 - - 115 
HEAT RESISTANCE 
Max Rec Service Temp, F - 250 30DI 250-3004 250_300d 250 300d 225-3004 250_300d 350 -
Deflection Temp, F D648 
66 psi 	 470 507, 509 - 470 300 430 330 400 
264 psi 	 220 495, 500 - 220 135 420 180 300 
CHEMICAL RESISTANCE 	 Inert to most organic chemicals such as esters ketones, alcohols and hydrocarbons
Resist alkalis and salt solutions, but att by phenols, formic acid, strong mineral 
acids and strong oxidizing agents 
APPLICABLE PROCESSING Injection molding Extrusion Injection Injection 
METHODS molding, molding 
blow molding, 
extrusion


USES 	 Bearings, gears, bushings, Mech parts Tubng, rod, Jacketing for wire and Elec
coil forms, brush backs, where lubrl pipe, sheet cable special molded parts housings 
rod, tubing cahon is ing, lamina andpartsmech undesirable tions 
or diff 
Where two values are Riven first is for dry asmoided materiaI and secondfor moisture equilibrium in air single value pertains to dry material b First value 
lo, 30% glass fiber and second for 40% Allvalues at moisture equilibrium c 30% glass fiber dHeat stabilized for max heat resistance i/, in 
Phenolics 
General- Shock- High Shock- Very High Arc Rubber Rubber Rubber 
Woodflour Paper, Chopped I Shock- Resistant- Phenolic- Phenolic- I Phenolic-Type and Filler and Flock Flock Fabric or Glass Fiber Mineral Woodflour iChopped FabricI Asbestos 
. or FlockP or Pulp Cord _ 
PHYSICAL PROPERTIES IASTM 
Specific Gravity D792 132-146 134146 136143 175-190 1630 124135 190135 160165 
Ther Cond, Btu/hr/sq ftl°F/ft C177 009703 01016 00970170 020 024034 012 005 004 
CoefofTherExplO per°F D696 166-250 1623 160222 088 - 083220 17 22 
Spec Ht, Btu/Ib/0 F 035040 - 030035 028032 028032 033 - -
Water Absorption (24 hr),% j0570 0308 0415 04175 0110 02 0520 0520 010050 
MECHANICAL PROPERTIES I 
Mod of Elast in Tension, 10' psi !D638 8 13 8 12 9 14 3033 1030 4 6 35 6 5 9 
Ten Str, 1000 psi ID638.1D651 5085 5085 59 5.10 6 459 35 4 
Elong (in 2 in). % jD638 0408 - 037057 02 - 075225 - -
Hardness (Rockwell) D785 E85 100 E85 95 E8o 90 E50 70 E8O 90 M40 90 M57 M50 
Impact Str (Izod notched), ft lb/m 0256 024050 0410 0680 1033 032 034-10 2023 0304 
Mod of Elast in Flex, 10" psi 'D790 8 12 8 12 9 13 3033 1030 46 3 5 5 0 
Flex Str, 1000 psi ID790 8512 80115 815 1045 10 712 7 7 
Compr Str, 1000 psi D695 22 36 24 35 15 30 17 30 20 12 20 10 15 10 20 
ELECTRICAL PROPERTIES 1 	 0 
Vol Res, ohm cm D257 109 10" 150 x 10" 10' 710 x 10" 6 x 10 10' 10U 10" 10" 
Dielec Str (short time), v/mi D149 200 425 250 350 200 350 200 370 380 250 375 250 350 
Dieler Const I 
60 Cycles 'D150 5090 56110 65150 71-72 74 916 15 15 
10' Cycles ID150 4070 4570 4570 4666 50 5 5 5 
60 Cycles 'D150 D05 030 008035 008045 002003 013016 015060 05 015 
10 Cycles D150 003007 0 03009 002 0 10 0102 009 013 
Arc Resistance, sec jD495 560 5 60 5 60 60 180 7 20 1020 520 
APPLICABLE PROCESSING METHODS Injection molding, compression molding, transfer Injection molding, compression molding transfer mold 
molding ing, foam molding, reinforced layup molding, laminat­
ing 1HEAT RESISTANCE 2130 21-5 
Max Rec Svc Temp, F 300 250300 350450 400 212 300 212-225 225 360 
Deflection Temp, F 10648 260 360 290 220270 250 250 300-8 
CHEMICAL RESISTANCE 	 Severely attacked by strong acids and strong alkalis Effects of dilute acids, alkalis and organic solvents 
vary with the reagent Chemical resistance varies with the particular formulation and not all materials 
of a type are equally resistant 
USES 	 Mechanical applications include pulleys, wheels, motor housings, handles Electrical uses include coil 
forms, ignition parts, condenser housings, fuse blocks, instrument panels Thermal applications include 
handles, appliance connector plugs Chemical uses include photographic development tanks, rayon 
spinning buckets and parts, milking machine cups Decorative uses include radio and television cabinets, 
handles, knobs, buttons 
Phenylene Oxides, Polysulfones, Polyarylsulfone 
Phenylene Oxides (Noryl) Polysulfones 
Material 
SE-100 
I Glass Fiber 
Reinforced' Standard 
Glass Fiber 
Reinforcedb 
Polyaryl­
sulfons 
PHYSICAL PROPERTIES ASTM 
Specific Gravity 
Ther Cond, Btu/hr/sq ft/°F/in 
Coef of TherExp, 10 per OF 
Specific Heat, Btu/Ib/OF 
Refractive Index, n0 
Water Absorption (24 hr), % 
D792 
C177 
D696 
D542 
D570 
110 
110 
38 
-
Opaque 
007 
106 
1 5 
33 
-
Opaque 
007 
121, 1 27 
115, 11 
20,14 
-
Opaque 
006 
124 
1 8 
31 
024 
163 
022 
141, 155 
-
16,12 
-
Opaque 
022,018 
136 
11 
26 
-
-
18 
MECHANICAL PROPERTIES 
Tensile Strength, 
Ultimate 
1000 psi D638 
- - - - - 13 
Yield 78 96 145,170 102 17,19 8 
Elongation, % 
Ultimate 50 60 46 50 100 - 1520 
Yield - - - 56 2,16 13 
Mod of Elast in Tension, 10' psi 
Flex strength, 1000 psi 
Mod of Elast in Flex, 10, psi 
Impact Str (Izod notched), ft lb/in 
Compr Strength, 1000 psi 
Hardness (Rockwell) 
Coef of Static Frict (against self) 
D638 
D790 
D790 
D638 
D695 
D785 
38 
12 8 
36 
50 
12 
R115 
-
355 
13 5 
36 
5 0 
164 
Rl19 
-
925,133 
205,22 
74,104 
23 
176, 17 9 
L106, LI0 
-
36 
15 4 
3 9 
13 
13 9 
R120 
0 67 
109,149 
25,28 
12,155 
18,2 0 
-
M84 
-
37 
17 2 
40 
5 0 
178 
Milo 
0 1 03 
Abrasion Res (Taber, CS 17), 
mg/1000 cycles - 100 20 35 20 - 40 
ELECTRICAL PROPERTIES 
Volume Resistivity ohm cm 
Dielectric Str (short time), v mil 
Dielectric Constant 
D257 
D149 
D150 
10' 
400 (/8 in) 
10", 10" 
500(1/ in) 1020(1/32 in) 
5x 10" 
425 
10"i 
480 
3 2 x 10" 
350 
60 cycles 
10' cycles 
Dissipation Factor 
60 cycles 
10' cycles 
Arc Resistance, sec 
D150 
D495 
265 
264 
00007 
00024 
75 
2 69 
268 
00007 
00024 
75 
293 
292 
00009 
00015 
120 
306 
303 
00008 
00034 
122 
355 
341 
00019 
00049 
114 
394 
37 
0003 
0012 
67 
HEAT RESISTANCE 
Max Rec Service Temp, F - 212 - 340 350 500 
Deflection Temp. F 
66 psi 
264 psi 
D648 
230 
212 
279 
265 
293,317 
282,310 
358 
345 
389 
365 
-
525 
APPLICABLE PROCESSING METHODS Injechin molding, extrusion, thermo Injection molding, extru Injectin 
forming, foam molding sion, thermoforming molding 
CHEMICAL RESISTANCE 	 Excellent res to aqueous media such as Res to torganic acids, al Res to aque
detergents and weak and strong acids kalis and aliphatic hydro ous acids 
and bases even at elevated tempera carbons, partially soluble and bases, 
tres Many halogenated and aromatic or swells in ketones and fuels, oils, 
hydrocarbons will soften or partially aromatic hydrocarbons, sol fluorinated 
dissolve these materials uble in chlorinated hydro solvents Dis­
carbons solves in 
highly polar 
solvents


such as


DMF, DMAC, 
NMP 
USES 	 Automotive dashboards & electrical con Coil bobbins, switches, ter- Molded parts 
nectors, appliance & business machine minal blocks, battery cases, requiring str 
housings, cabinets, consoles & covers, connectors, circuit carriers, and tough 
coffee brewers & dispensers, pump & sockets tube bases, range ness at high
plumbing parts, valves, tape cartridge hardware, coffee maker temps Ex­
platforms, coil assemblies, bus bar in parts, sight glasses, auto trusions, 
sulators, switch housings, terminal parts, lamp bezels, air coatings,
blocks, tuner bars, light fixtures craft ducts, housing and filled compo­
side wall panels, meter sitions for 
housings and components, bearing use 
projector transparencies 
Where two values are given first applies to 20% glass fiber and second to 30% otherwise samevalue applies to both b Where two values ar given first appha, 
to 30% gilas fiber and second to 40% otherwise same value applies to both r10% deformation 
A,- 7.-M,


Polybutadiene, Polybutylenes, Polycarbonates and Polymethyl Pentenes 
Polybutylenes Polycarbonates 
_________________________ __ __ ___________ 
11 1Pal ynethyl 
Materials and Type e- Potybutadienes Copolymer Homopolymer Unfilled 40% gl reinf pentenes 
PHYSICAL PROPERTIES ASTM 
specific gravity D792 1620 08940910 09100915 119125 152 083 
Refractive Index, n,, D542- - 150 1586 - 1465 
Transparency (visible light), % D1003 Opaque ' Translucent Translucent 87 89 Opaque 90 
MECHANICAL PROPERTIES 
Tensile D638 
Strength, 1000 psi (yld) 512 0922 2225 8596 23 (ilt) 4 
Elongation % (ult) - 400 500 300 400 10 115 3 5 15 
Modulus, 1000 psi D790 400 1200 12-34 34 36 340 450 1680 210 
Flexural 
Strength, 1000 psi 7 21 - - 12 15 27 -
Modulus, 1000 psi 700 1800 - - 310 500 1400 140 200 
Compressive str, 1000 psi I 
(2% offset) D695 11 20 - - 1014 21 -
Impact strength I 
Izod (notched), lb/in D256 1 10 - - 416 25 08 
-Gardner ft lb/m 14 .-
Hardness 
Rockwell D785 E30 70 - - M68 85 M93 L67 74 
Shore D785 34 50D 53 60D - - -
ELECTRICAL PROPERTIES I 2 5 8 2 x 10" 4 x 10" 10,.Vol res, ohm cm D257 15 x 10" - -
Dielec ser, v/mid (dry) D149 
Short time 400 600 - - 380 450 450 700 
Dielec constant D150 
60 Hz 33 218225 225 310317 353 212 
10' Hz 33 218225 225 296305 348 212 
Dissip factor D150 
60 Hz 0009 00002 00002 00009 00013 ­
10' Hz 0003 00002 00002 001000091 00067 ­
-Arc res, sec (tungsten electrodes) D495 - - - 120 120 
THERMAL PROPERTIES I 
Ther cond, Btu/hr/sq ft/Fjm C177 - - 15 135 141 153 -
Coef of therm exp 10-'/'F D696 - - 71 179375 093 -
Specific heat, Btu/Ib/F - - 030 - -
Heat deflection temp, F D48 
At 66 psi - 215 235 180 295 310 -
At 264 psi 500 - 120 140 260 288 295 -
Brittleness temp, F D746 - -5 to -35 -5 -200 - -
Max temp for cont use 
(no load), F -- 350 500 - 225 - - 25D 320 
CHEMICAL AND ENVIRONMENTALI 
RES D570 
Water absorption, % 
In 24 hr 010 001 001 012019 012 001 Weathering Discolors - Embrittles Discolors To none None 
Acids 
Weak Resists Resists Resists Resists Resists Attacks


Strong Resists - Resists Attacks Attacks Resists


Alkali 
Weak Resists Resists Resists Res attacks Res attacks Resists 
Strong Resists Resists Resists Attacks Attacks Resists 
Organic solvents Resists - Slight swell Attacks Attacks Attacks 
Fuels Resists - Slight swell Attacks Attacks Resists 
Oil and grease Resists - Slight swell Resists Resists Resists 
METHODS OF PROCESSING Calendering, casting Extrusion cast- I Extrusion, cast Blow, foam, in Injection mildg Blow mldg, extru 
extrusion compres ing thermoform I ing, thermoform jection, rotational sion, Inlection 
sitn, injection. ing, injection, ro Iing, nection. ro mldg. extrusion, mldg. thermo 
rotational, trans tahonal, compres tational, compres thermoformig forming 
fer mldg sion mldg sion mldg -
USES Wire and cable Polymer additives IWater, gas chemi Electrical parts, portable tool i Laboratory and jackets, foot wear, and blends, hot cal pipe and fit housings, light globes, lenses, Imedical ware 
floor tiles, gas melt adhesives tings, pressure yes sports goods glazing sheet, light diffusers 
kets. tires, seal sels, drum liners, i impellers, automotive parts, lenses reflectors 
ants adhesive construction sheet body armor vending machines 
Ing, packaging film parts packaging 
Polyester-Thermoplastic 
Injection Moldings 
Polybutylene Terephthalates Polytetramethylene Terephithalate 
- Type * General Glas-s GiI- General Glass- -Asbestos-
Purpose Reinforced Reinforced Purpose Reinforced Filed 
Grade Grades Flame Grade Grade Grade 
Retardant 
PHYSICAL PROPERTIES ASTM 
Specific Gravity D792 131 152 158 131 145 146 
Specific Heat, Btu/lb/oF - - - 036055 - -
Ther Cond, Btu/hr/sq ft/0 F/m C177 1 1 13 13 - -
Coef of Ther Exp, 10-- in/m/F D696 53 2733 35 49130' ­
Volume Resistivity, 10e ohm cm D257 4 32 33 34 2 x 10'5 - 3x 10"

Dielectric Sir (short time), v/mil D149 590 560 750 750 420 540 - 580

Dielectric Constant D150 3133 3742 3738 3 16 - 3542

Dissipation Factor (to 10' Hz) D150 0002 00020003 0002 0023 - 0015

Arc Resistance, sec D495 190 130 80 125 - 108

Water Absorption (24 hr)r % D570 008 006007 0 07 009 007 01

MECHANICAL PROPERTIES 
Tensile Str, 1O' psi D638 8 17 17 3 17 82 14 12 
212 F 7 - ­
302 F 5 5 
Elongation, % D638 300 1-5 5 250 <5 <5 
Flexural Str, 101 psi D790 128 22 24 23 12 19 19 
Flexural Modulus, 10' psi D790 034 12 15 12 3 3 87 90 
212 F 	 - 063 - - ­
302 F - 0 53 - - -
Compressive Str, 10' psi D95 13 16 18 18 - - -
Shear Str, 10 psi D732 7 7 8 9 9 - - -
Impact Sir (Izod), ft lb/in D256 
Notched 	 12 13 22 18 1 1 05 
Unnotched - 4 2 15 15 - 7 6 0 
Hardness, Rockwell D785 R117 R118 M90 Rl19 R117 R117 M85 M85 
Heat Deflection Temp, F D648 
66 psi 	 310 420 420 302 - ­
264 psi 130 415 416 415 122 380 330 
Endurance Limit (10 cyc), 10' psi D671 285 5 5 - - -
Creep %- D674 11 (1000 psi) 0 44 (4000 lsi) 044 (4000 psi) - - -
Abrasion Resistance', mR/1O' cyc 01044 6 5 9 50 11 - - -
Coef of Friction D1894 
Self 0 17 0 16 0 16 - ­ -
Steel 0 13 014 0 14 - - -
APPLICABLE PROCESSING METHODS 	 Injection molding, extrusion, thermoforming, foam molding 
CHEMICAL RESISTANCE 	 Resistant to aliphatic hydrocarbons, gasoline, cdrbon tetrachloride, perchloroethylene,
oils, fats, alcohols glycols, ethers, high molecular weight esters and ketones, dilute 
acids and bases, detergents, most aqueous salt sol, at ambient temp Attacked by strong 
acids and bases Resistant to potable water at ambient temp Prolonged use inwater 
above 150 Fnot recommended Swollen by ethylene dichloride, low molecular weight ketones 
and substituted aromatic compounds 
USES 	 Gears, bearings valves pump parts, fittings, rollers, cams, bushings, electronic parts,
textile machinery parts, tape cassettes, fasteners 
Properties shown are at approximately room temperature unless otherwise noted RFor 32 302 F rang, b underwriters' Lab spec c Taper abrasion CS 17 wheel 
1000 g load 
.e,.-
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Polyesters-Thermosets 
Cast Polyester Reinforced Polyester Moldings Pultrusions 
TypeRigid FebFlexible High(glassStrengthfibers) 
Heat and 
ChemicalResistant (asbestos) 
Sheet 
moud 
Genera 
Generalpurpose Highperform
ance 
Purpose 
PHYSICAL PROPERTIES 
Specific Gravity 
Ther Cond, Btu/hr/sq ft/°F/in 
Coef of Ther Exp, per 'F 
Specific Heat, Btu/Ib/0 F 
Water Absorption (24 hr), % 
Transparency (visible light), % 
Refractive Index, n 
ASTM 
D792 
-
D696 
-
D570 
I-
D542 
112146 
0 10 012 
39 56x10­
030055 
020060 
-
153-1 58 
106125 
-
-
-
012-25 
-
150 157 
18120 
132-1 68 
1319 x10-' 
025035 
05075 
Opaque 
-
15175 
-
-
025050 
Opaque 
165180 
-
-
020025 
015-025 
Opaque 
161 
4 
5x10' 
028 
075 
Opaque 
194 
5 
3x10-' 
024 
075 
Opaque 
MECHANICAL PROPERTIES 
Tensile Strength, 1000 psi 
Tensile Modulus, 10' psi 
Elongation, % 
Impact Strength (Izod notched), 
It/lb/m 
Flexural Strength, 1000 psi 
Mod of Elast in Flex 10' psi 
Compr Strength, 1000 psi 
Hardness (Barcol) 
D638 
D638 
D638 
D256 
D790 
D790 
D690 
D785 
4 10 
1 5 65 
17 2 6 
0 18 0 40 
14 18 
1-9 
12 37 
35 50 
1 8 
0 001 0 10 
25300 
4 0 
4 16 
0 001 0 39 
117 
6 40 
5-10 
16 20 
03 05 
1-10 
6 26 
15 25 
2026 
60 80 
4 6 
12 15 
-
045-1 0 
10 13 
-
20 25 
40 70 
15 17 
15 20 
-
5-15 
2632 
15 18 
22 36 
45 60 
20' 
23" 
-
13s 
30' 
20' 
-
50' 
100' 
60' 
-
18' 
-
-
-
50' 
ELECTRICAL PROPERTIES 
Volume Resistivity, ohm cm 
Dielectric Str(step by step), v/mit 
Dielectric Constant 
60 cycles 
10' cycles 
Dissipation Factor 
60 cycles 
10' cycles 
Arc Resistance, sec 
D257 
D149 
D150 
D150 
D495 
10" 
300 400 
2844 
2844 
0003004 
0006004 
115 135 
101 
300 400 
318-70 
3761 
001018 
002005 
125 145 
1 x 10" 
I x 10" = 
200 400 
-
-
-
-
130 170 
1 x 10" 
Ix 10" 
350 
-
-
-
-
-
64 x 10" 
2 2 x 10" 
400 440 
4 62 5 0 
455475 
00087004 
0 086 0 022 
130 180 
-
4 5(1) 
-
003(1) 
-
80 
-
4 5(1) 
-
003(1) 
-
80 
APPLICABLE 
METHODS 
PROCESSING Casting Layup molding, laminating, corn 
pression molding, transfer mold 
ing, injection molding 
Matched 
metal 
die corn 
pression 
molding 
Pultrusion 
HEAT RESISTANCE 
Max Ree Svc Temp. F 
Heat Deflection Temp (264 psi), F 
-
D548 
250 300 
120 400 
150 250 
-
250 400 
400 
300 
375 400 
300 
375 400 
250 300 
400 
300 
400 
CHEMICAL RESISTANCE Slightly to heavily attacked 
by strong acids, attacked by 
strong alkalis, ketones and 
olvents 
Good to exc 
res to weak 
acids, or­
ganic sol 
Good to exc 
res to weak 
acids, or 
ganic sol 
Good to exc 
res to weak 
acids, or 
ganie sol 
Good to exe res to 
weak acids, organic 
solvents weak al 
kalies good res to 
vents, weak 
alkalis, good 
res to 
strong 
acids, poor 
to fair res 
to strong 
alkalis 
vents and 
weak 
alkalis, 
good res to 
strong 
acids, air 
to good res 
to strong 
alkalis 
vents and 
weak alkalis, 
good res to 
strong acids, 
poor to fair 
res to strong 
alkalis 
strong acids, poor to 
fair r's to strong 
alkalies 
USES Electrical 
components, 
buttons, 
decorative 
architec 
Flooring,
tooling en 
capsulants, 
buttons and 
shields 
Chairs, housings, covers, trays molded 
panels, bezels, motor shrouds, electrical 
parts, fans, helmets 
Elec components cor 
rosion res construc 
tion, high str to wt 
mech parts 
toial uses 
Longitudinai direction 
REPRODUCIBILITY OF THE


ORT NAT, PA(Th Tq pfOnP


Polyethylenes 
Type I-Lower Density Type Il-Medium Density 
(Q910-0 925) (0926 0940) 
Type + Melt Index Melt Index Melt Index Melt Index Melt Index 
03-36 626 200 20 10-1.9 
PHYSICAL PROPERTIES ASTM 
Specific Gravity D792 0 910-O 925 0i916 -925 0-910 0 930 0 930-0 940 
Ther Cond, Btulhr(sq ftPF/ft C177 0 19 0 19 0 19 0 19 0 19 
-5Coef of Ther Exp, 10 per 0F D69 8 9-11 0 8 9-110 11 0 8 3-16 7 8 3-16 7


Refractive Index D542 1 51 1 51 
 151 1 51 1 51
 

Spec Ht, Btu(Ib/'F 0 53-0 55 0 53-0 55 0 53-0 55 0 534 55 0 53-0 55


Water Absorption (24 hr), % D570 <0 01 <0 01 <0 01 <0 01 <0 01


MECHANICAL PROPERTIES 
-Mod of Elast in Tension, 105 psi D638 0 21-4 27 0 20-0 24 - -

Ten Str, 1000 psi D412 1 4-2 5 1 4-2 0 0 9-11 2 0 2 3-2 4


Elong, % D412 500-725 125-675 80-100 200 200-425


Hardness (Shore) 0785 C73, D50-52 C73, D47-53 D45 D55 055-D56


Impact Sir (Izod), ft-lb/in notch D256 - ­ ---
Brittleness Temp, F <-94 <-4 <14 <-148 <-148


Mod of Elast inFlex, 103 psi D747 13-27 12-30 10 3550 35-50


Shear Str, 1000 psi 1 6-1 85 1 4-17 1 - -

ELECTRICAL PROPERTIES 
Vol Res, ohm-cm 0257 101"-10, 1017-10"0 1017-10"9 >xO"1 >10, 
Dielec Str (short time), vlmil D149 480 480 480 480 480 
Dielec Const D150 2 3 2 3 2 3 2 3 23 
Oissip Factor 	 D150 <0 0005 <0 0005 <0 0005 <0 0005 <0 0005 
APPLICABLE PROCESSING Injection molding, extrusion, rotational Injection molding, extrusion, 
METHODS molding, blow molding, foam molding thermoforming, rotational molding,blow molding 
HEAT RESISTANCE 
Vicat Softening Point, F 176-201 176-201 - 215 230 220-235 
CHEMICAL RESISTANCE 	 Excellent resistance to acids and alkalis at normal temperature, except oxidizing acids such as 
nitric, chlorosulfonic and fuming sulfuric Below 122 F, insoluble in organic solvents, at higher 
temperatures, soluble to varying degrees in hydrocarbons and halogenated hydrocarbons, but 
insoluble in more polar liquids Generally, a higher melt index material has greater solubility 
USES 	 Injection moldings kitchen utilityware, toys, process tank liners,closures, packages, seaing rings, 
battery parts Blow moldings squeeze bottles for packaging, containers for drugs Film wrapping 
materials for food, clothes, other items Wire and cable high frequency insulation, jacketing. Pipe 
chemicals handling irrigation systems, natural gas transmission 
Type ill-Higher Density (0.941-0 965) 
Type 	 Melt Index Melt Index Melt Index High Molecular 
02-09 01-12.0 15-15 Weight 
PHYSICAL PROPERTIES ASTM 
Specific Gravity D792 0 96 0 950 0 955 0 96 0 94 
Ther Cond, Btu/hr/sq ftioFft C177 0 19 0 19 0 19 0 19 
0696 8 3-16 7 8 3-16 7 83-16 7 -Coef of Ther Exp, 10-5 perOF 
 
Refractive Index D542 1 54 
 1 54
 1154


Spec Hi, Btu/Ib/ 0F 0 46-0 55 0 46-0 55 0 46-0 55 -

Water Absorption (24 hr), % D570 <0 01 <0 0z <0 01 <0 01


Flammability, ipm D635 10 10 1 0 10


MECHANICAL PROPERTIES 
Mod of Elast in Tension, 10 psi D638 - - - 1 0 
Ten Sir 1000 psi D412 4 4 2 9- 0 4 4 54 
Ultimate/Elongation,% D412 700 1000 501000 100 700 400 
Hardness (Shore) D785 I D68-70 D60-70 D68-70 60-65 
Polyethylenes 
Type Ill-Higher Density (o9410965) 
Type -- Melt Index Melt Index Melt Index High Molecular 
0.2 09 01120 15 15 Weight 
MECHANICAL PROPERTIES (Cort'd) 
Impact Str (Izod), Itlb/mi 0256 4 0-14 0 4-6 0 12-2 5 >20notch 
Brittleness Temp, F -106 to -180 <-76 to <-170 -100 to -180 <-100 
Mod of Elast inFlex, 103psi D747 13D-150 90-125 150 75 
ELECTRICAL PROPERTIES 
Vol Res, ohm cm D257 >1o0s >l01s >lots >10s 
Dielec Str (short time), vlrml D149 480 480 480 480 
Dielec Const D150 23 23 2 3 2 3 
Cissip Factor 	 D150 <0 0005 <0 0005 <0 0005 <0 0005 
APPLICABLE PROCESSING Injection molding extrusion, thermoforming, rotational Extrusion, 
METHODS molding, blow molding, foam molding compression 
molding, and 
special injec
tion molding 
HEAT RESISTANCE 
Vicat Softening Point, F 258 266 240255 250260 
CHEMICAL RESISTANCE 	 Same basic chemical resistance as Types I and II,but better resistance to some specific 
chemicals 
USES 	 Refrigerator parts, packaging, structural housing panels, pipe, defroster and heater ducts 
sterilizable housewares and hospital equipment, hoops, battery parts, blow molded contain­
ers and parts, film wrapping materials, wire and cable insulation, and chemical resistant pipe 
&Powder b Flow molding 
Olefin Copolymers 
EEA EVA I 
Type -> (EthyleneEthyl
Acrylate) 
(EthyleneVinyl
Acetate) 
EthyleneButene I 
PropyleneEthylene lonomer Polyallamer 
PHYSICAL PROPERTIES ASIM 
Specific Gravity 0792 093 094 095 091 094 08980904 
Tensile Impact, 
ft lb/m -
Tensile Str, 100 psi 
1822 
D638 
500 
20 
690 
3 6 
-
3 5 
150 
4 
j 
I 
400 
4 3043 
Izod Impact Str 
(notched), ft lb/m 
Hardness, Shore D 
D256 
078 
-
35 
-
36 
04 
65 
11 
-
9 14 
60 
15 
-
Elongation (in I in), % 
Flexural Modulus, psi 
0638 
D790 
650 
-
650 
-
20 
165 
-
140 
450 
-
300 400 
07 13 x 10-
ELECTRICAL PROPERTIES 
Vol Res, 10'- ohm cm 0257 24 015 - - 10 > 0 
' 
Dielec Sir 
v/mdi 
(short time), 
D149 550 525 - - 1000 500 650 
Dielec Const, 60 cps 
Dissip Factor, 60 cps 
0150 
D150 
28 
0001 
316 
0003 
-
-
-
-
24 
0003 
23 
>0 0005 
THERMAL PROPERTIES 
Heat Deflection Temp 
(66 psi), IF 
Brittleness Temp, F 
D648 
D746 
-
-155 
-
-148 
-
-35 
104 105 
- 1­0 I 1 22 ia3 -
Softening Point, Vicat D1525 147 147 243 - 162 -
CHEMICAL RESISTANCE Res most weak min
eral acids, alkals, Generally satisfactoryres to chemicals, Res to or gamc sot I alk, weak Res to strong 
aftby chlorinated 
hydrocarbons, straight 
chain paraffinic sol 
vents, benzene 
good res to stress 
corrosion 
vents, all 
by oxid 
izing acids 
acids organ 
icsolvents, 
allslowly 
by acid 
reagents 
USES Tub pg,seals,bushings,dampening pads rug 
Packaging, appliances,
furniture, wire and 
Skin pack
aging, coat 
Molded parts 
req tough 
backing, dec insula 
tion, floor mats, other 
flexible items 
cable isuildton, 
rigid parts 
ed sub 
, strates, 
clear, flex 
ness and 
good hinge
pronerties 
ible parts 
- '7 
Polyimides, Poly (amide-imide) 
Poly(amide imide)PolymadesMaterial Unreinforced 15% Graphite Class Reinf High Modulus High Impact 
PHYSICAL PROPERTIES ASTiM 
Specific Gravity D792 14 3 151 190 141 1 38 
Ther Cond, Btu/hr/sq ft/0 F/In Cenco 25 68 60 359b - -
Fitch 
Coef of Ther Exp, per OF x 10" D696 2528 23 08 19 24 
Specific Heat Btu/Ib/°F - 0 27 0 31b C - 0 270 c -
Refractive Index, nr 0542 Opaque Opaque Opaque Opaque Opaque 
Water Absorption (24 hr), % 0570 024 047 0 19 02 - -
Coef of Friction - - -
MECHANICAL PROPERTIES 
Tensile Strength, 1000 psi D638 
Ultimate ..... 
Yield 75 13 59 28 133 170 
Elongation, % 
Ultimate 
D638 
<1 8 125 <1 5 15 
Yield - - - - -
Mod of Elast inTension, 10' psi D638 4775 546 45 - -
Flex Strength, 1000 psi 
Mod of Elast in Flex, 105 psi 
Impact Str (Izod notched). ft lb/m 
Compr Strength, 1000 psi 
Hardness (Rockwell) 
Abrasion Res (Taber, CS 10 wheel), mg/
1000 cycles, gm loss 
D790 
0790 
D638 
D695 
D785 
D1044 
11 17 
4570 
0 54-10 
27440 
97 99M 
0080' 
66 15 
50 54 
05d 
32 
88M 
-
56 
384 
174 
42 
114E 
20 
234 
70 
10 
35 
104E 
274 
52 
30 
35 
78E 
ELECTRICAL PROPERTIES 
Volume Resistivity, ohm cm 
Dielectric Str (short time), v/mil 
D257 
D149 
l0r 10" 
310 560 
-
-
9 2 x10" 
300 
07x 10' 
430 
0 7x 10" 
440 
Dielectric Constant 0150 
60 cycles 
10' cycles 
Dissipation Factor 
60 cycles 
10' cycles 
Arc Resistance, sec 
0150 
0495 
3641 
3539 
0002 0003 
0004 0011 
152230 
-
-
-
-
-
484 
474 
00034 
00055 
50 180 
-
38 
-
0001 
-
-
39 
-
0009 
-
HEAT RESISTANCE 
Max Rec Service Temp, F - 500 800 800 500 - -
Deflection Temp, F 
66 psi 
264 psi 
D648 
..... 
582 680 680 660 545 520 
APPLICABLE PROCESSING 
METHODS 
Compression molding, laminating,
filament winding, machining, sinterng 
Compression molding, laminating, injection
molding, foam molding, transfer molding 
CHEMICAL RESISTANCE Resist polar and nonpolar organic solvents, Resists most acids, alkalis, oils, fuels, 
dute acids and bases greases and alcohol, attacked by organic 
solvents 
USES Bushings, valve seats and High temp bearing Bushings valve seats grinding wheels and 
high temp mechanical parts uses such as ether high temperature mechanical parts 
letengine 
components 
Extruded sheet bG E test Cal/gm/'C d ASTM D256 , In /1000 hr dry 10 000 PV f This grade Isan electrical conductor 
Polypropylene, Polyphenylene Sulfide, Polyether Sulfone 
Polypropylene Polyphenyleane Sulfide iPoly 
Material '4etherGeneral High Asbestos 	 Glass Flame Sandar 40% Glass sulone 
Purpose I 	 Impact Filled Reinforced Retardant Reinforced o 
PHYSICAL PROPERTIES 'ASTM 
Specific Gravity i1792 09000910 09000910 111136 104-122 12 1.34 164 137 
Ther Cond, Btu/hr/sq ift/ I 
°F/in 	 - 121136 172 - - - 20 - ­
-Coat of Thar Exp, 10' per
F D696 3858 4059 2-3 1624 - 30 22 -
Specific Heat, Btu/Ib/°F - 045 045048 - - - 026 - -
Refractive Index, n, 0542 Transl op Trans op Opaque Opaque Opaque Opaque Opaque Opaque 
WaterAb (24 hr), % 0570 <001003 <001002 002004 002005 002003 02 001 043 
MECHANICAL PROPERTIES 
Tensile Strength, 1000 psi 0638, C 
Maximum 4855 - - - - - - -
Yield 4852 2843 3382 610 3642 11 21 122 
Elongation, % 

Break 30->200 30 >200 3 20 24 3 15 3 39 -

Yield 9-15 7 13 5 - - - - -

Mod of Elast 	 in Tension, 
10' psi D638, B 1622 13 - 812 1524 48 112 354 
Flex Yid Strength, 1000 psi D790. B 67 41 75 9 811 - 20 37 1865 
Mod of Elast in Flex, 101 psi 0790, B 17-25 1020 3465 482 1961 60 220 373 
Impact Str (Izod notched),
ft-lb/in D256 0422 1512 05-15 052 22 30 60 16 
Compr Yield Strength, 
1O0 psi D695 5565 44 70 657 - 16 21 -
Hardness (Rockwell) D785 R80 RICO R28 95 bR90 RilO R9O R115 R60 RIO5 R124 R123 M88 
ELECTRICAL PROPERTIES 
Vol Res, ohm cm 0257 >10" 10" 1 5 x 10" 17 x 10"' 4x10 610" 101, 10" 10"-10" 
Diet Sir (short time), vpm D149 650(125 ral) 450 650 450 317 475 485 700 595 490 -
Dielec Const D150 
60 Cycles 220228 220228 275 2325 246279 311 379 35 
I0 Cycles 223224 223227 26317 225 245270 322 388 35 
Dissip Factor D150 
60 Cycles 00005 <00016 0007 0002 0 0007 00004 00037 0001 
0O-07 0017 
10' Cycles 00002 00002 0002 0003 00006 -00007 00041 0006 
00003 00003 0003 
Arc Res, sec 0495 125 136 123 140 121 125 73 77 1540 - 160 -
HEAT RESISTANCE 
Max Rec Svc Temp. F - 230 - 250 250 205 500 500 
Deflection Temp, F D648 
66 psi 	 205 230 190 235 270 290 275 310 245 280 - - ­
264 psi 	 135 140 120 140 170 220 250 300 155 278 425 400 
APPLICABLE PROCESSINO Extrusion, injection mldg, thermoforming, rotational molding, iInjection midg, Injection 
METHODS blow mldg, coating, foam mldg coating, compres- mldg, ex 
sion mldg trusin 
CHEMICAL RESISTANCE 	 Res to most acids, alkalis and saline solutions, even at higher Exc res to org solv below 375 Res most 
temp, res to higher aliphatic solvents and polar substances Above F Unaff by strong alkalis inorg rea 
175 F. soluble in such aromatic substances as toluene and or aqueous morg salt solns gents, org 
xylene, and chlorinated hydrocarbons chem Att 
by conc 
oxid acids, 
some org 
solv, chlor 
hydro 
carbons 
USES 	 Hospital Luggage Housings, Housings, IElectrical Corrosion Pump vanes. Engine 
ware, house seating automobile shrouds, Iuses to resistant valve parts fittings, 
wares, appli 	 packaging, fan shrouds, cases, meet UL um cm gaskets, fuel hi temp 
ances, radio housings, covers panels and require porents. cells and elec parts, 
and TV hous automotive mechanical I meets, valves and auto parts Iappliance 
rags, film pards, con parts Ihousings pipe req chem compo
nfibers 	 tamers wire and shield res at higher nents 
coating temps 
Polystyrenes


7 Polystyrenes Styrene Glass 
TypeGlass Fiber Acrylonitrle Fiber (30%)1 eim Hg ls ie ReinforcedPurpose Impact Impact I (30%) Remf (SAN) SAN 
PHYSICAL PROPERTIES IASTM 'i 
Specific Gravity
Th'r Cond, Btuthr/sq ftf °F/ft
Coef of Ther Exp, 10 5per 'F 
Specific Heat, Btu/lb/'F
Refractve-Index, no 
Water Absorption (24 hr), % 
MECHANICAL PROPERTIES 
Tensile Strength, 1000 psi
Ultimate .. •, 
Yield . 
Elongation, % 
Ultimate 
9792 
-
,D696 
i -
I1542 
D'570 
I 
0638 
D638 
104 104107 104-107 I 129 104107 135 
0058-0 090! 0024-00901 0024-00901 0117 
33-4a 33-47 22-56 I 18 36-37 16 
030-035 030-035 030-035 0256 033 
160 Opaque Opaque Opailu-e 1565-1569 Opaque
00302 003-009 005022 007 020035 015 
I 
50-10 60 33-51 14 95-120 18 
50-10 60 28-53 I 14 - 8I 
1023 30-40 -1 0537 14 
Yield 1023 12-30 1520 1­ 14 
Mod of Elast in Tension, 10' psi
Flex Strength, 1000 psi.
Mod of Elast in Flex, 105 psi
Impact Sir (Izod notched), ft lb/inCo0r Strength, 1000 psi 
Hardness (Rockwe oi -
Abrasion Res (Taber), mg/1000 cycles 
ELECTRICAL PROPERTIES 
. 
0638 
' D790 
D790 
0638D695 
0785 
i 
46-50 39-47 150380 121 40-50 175 
10-15 17 22 
4-5 3550 23-40 12 145 
02-04 05-07 08-1 25 030-0 45 30115-160 4-9 4-9 I 19 23 
M72 M47 65 M3-43 85-95 M80-85 M90-100 
M... MM164808 -1 
I I 
Volume Resistivity, ohmcm 
Dielectric Str (short time), v/m .0149 
Dielectric Constant
60 cycles
106 cycles
Dissipation Factor 
60 cycles 
,D257 
D150 
D150 
>1016 > 10is >1016 3 6 x 1016 >1018 44 x 1016 
>500 >425 300-650 396 400-500 515 
> I 
245-265 245-4 75 245-475 I 31 264 I 35 
245-265 24-38 25-40 I 30 26-302i 34I 
00001­ 00004­ 00004- I 0005 >0006 0005 
00003 0002 0002 
106 cycles ........ 
Arc Resistance, sec D495 
00001­ 00004­ 00004-; 0002 0007-00101 0009 
10000510002 0002,
60 135 20 135 20-100 I 28 100-150 65 
HEAT RESISTANCE I 
Max Rec Service Temp, FDeflection Temp, F6psID66 psi
264 psi 
-
0648 
064I 
160-205 125-165 125-165 190-200 175-190 -
2
--­ 30 - , 230 
22 max 210 max 210 max 220 210-220 220 
APPLICABLE PROCESSING METHODS Injection molding, extrusion, thermoforming, rotational molding, blow molding, foam 
molding 
CHEMICAL RESISTANCE Res alkalis, salts, low alcohols, glycols No effect by Res to No effect by
and water Fair res to mineral chemicals weak acids, alkalis and weak acids,
and vegetable oils Not res to aromatic strong acids, am­ alkalis,and chlorinated hydrocarbons acids, att neal and strong
by oxid vegetable acids, alt 
acids, no oils, soaps, by oxid 
effect by detergents acids, str 
weak alka­ and house­ alkalis,is, att hold soluble in 
slowly by chemicals ketones,
sir alkalis, ' esters, 
soluble in some chlor 
aromatic I hydro­
and chlor Icarbons 
hydrocar­ c 
bons 
USES Thin parts, I Radio Containers, Auto dash Kitchen Camera 
long flow cabinets, 1cups, lids, board ware, housingsparts, toys, toys, con large thin skeletons, tumblers, and frames, 
appliances, , tainers, wall parts, camera broom auto bezels, 
containers, packaging auto parts, housings bristles, ice electrical 
film, mono and clo TV cabinets, and frames, buckets, components,
filaments sures 'trays and tape reels, closures, handles,
and house­ appliance fan blades film, con auto panels
wares housings tainers,lens s, 
I 
battery 
cases 
. - .€o 
Polyvinyl Chloride and Copolymers 
Polyvinyl Chloride, Polyvmyl- Chloride Acetate Chlorinated 
Type - Vmylidene Chloride Polyvinyl 
Rigid- Copolymer Chloride 
Nonrigid-General Nonrigid-Electicl Normal Impact 
PHYSICAL PROPERTIES ASTM 
Specific Gravity D792 120 155 116 140 132144 168175 149158 
Ther Cond Btu/hr/sq ft/°F/ft D325 007 0 10 007 0 10 0 07 0 10 0053 -
Coef of Ther Exp, 10- ' per OF D696 - - 2833 878 38 
Refractive Index D542 - - - 1 60 1 63 -
Spec Ht, Btu/Ib/°F - - - 032 -
Water Absorption (24 hr), % D570 02-1 0 040 075 0 03 040 >0 1 002 0 15 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, 101 psi D412 0004 003 001 003 35 4 0b 0720 -

Ten Str 1000 psi D412 135 232 558 48, 1540 -

Elong (in 2 in), % D638 200 450 220 360 1-10 15 25, 20 30 -

Hardness (Rockwell) D785 - - R110 120 M50 65 R117-122 
Hardness (Shore) D676 A50 100 A78 100 D70 85 >A95 -
Impact Str (zod notched), ft lb/in D256 Variable Variable 05 10 28, 0053 10 30 
Mod of Elast in Flex, psi D790 - - 3 8 54 x 10' - 38450 
100% Modulus, psi - 600 2800 600 2800 - -
Flex Str, 1000 psi D790 - - 1116 15 17, flexible 14517 
Compr Str, 1000 psi D095 - - 11 12 - -
Compr Yld Sir, 1000 psi D695 - - 1011 7585 -
Cold Flex Temp, F D1043 -70 to 0 -7 to +20 - - -

Cold Bend Temp, F - -40 to -4 -49 to -4 - - -

ELECTRICAL PROPERTIES 
Vol Res, ohm cm D257 1700 x 10" 4 300 x 10" 10"->1011 10" 106 loss 
Dielec Str (short time), v/mil D149 - 24 500 725 1400 - 1220 1500 
Deelec Const (60 cycles) D150 5591 6080 23 37 35 308 
Dissep Factor (60 cycles) 0150 005 0 15 0 08 0 11 0020 003 003 0 15 0 019 0 021 
Loss Factor (60 cycles) D150 - 1 0 1 2 0030 0072 - -
APPLICABLE PROCESSING Inlectlon molding, extrusion, thermoforming, blow mold Extrusion, Calendering,
METHODS ing, foam molding, slush molding, calendering calendering compressicn 
molding, ex 
truston, injec 
tion molding, 
thermoforming 
HEAT RESISTANCE 
Max Rec Svc Temp, F - 150 220 140 220 150 165 170 212 230 
Heat Dist Temp, F 
66 psi D648 - - 170 185 190 210 215 247 
264 psi D648 - - 140 170 130 150 202 234 
CHEMICAL RESISTANCE 	 Generally resistant to alkalis and weak acids Moderately Excellent to all Res to acids, 
to not resist to strong acids Not resistant to keotones and acids and most alkalis oil, 
esters, aromatic hydrocarbons produce swelling common alkahs' grease and 
most organ 
icsolvents 
USES 	 Parts made by Parts made by Parts made by Extrusions gasket Hoods ducts 
molding high calendering ex calendering lam rods, valve seats, exterior bldg
speed extrusion, trusion Insulation mating, molding, flexible chemical components, 
calendering and jacketing for extrusion Fume tubing and pipe, pipe
Blown extruded communication hoods and ducts, tape for wrapping 
film Vacuum and low tension storage tanks joints chemical 
cleaner parts power wire and chemical piping, conveyor belts 
handlebar grips, cable building plating tanks Moldings spray
doll parts, hair, wiring appliance phonograph 	 rec gun handles acid 
curlers, safety and machine tool ords Sheets and dippers, parts 
goggle cups, cords and switch shapes for deco for rayon pro
grommets toy board cable rative panels, other ducing equipment 
tires, garden 	 building uses 
hose, and pro 
tective garments 
Where two values or ranges are given they represent unoriented and oriented forms respectively hiModulus of elasticity in compression 0 Unaffected by aiphatic
end aromatic hydrocarbons alcohols esters etc d Barrel temperature I Stock temperature 
Silicones 
Type Glass FiberReinforced Silicones Granular (Silica)Reinforced Silicones Woven Glass Fabric/Silicone Laminate 
PHYSiCAL PROPERTIES ASTM 
Specific Gravity 
Ther-Cond, Btu/hr/sq-ft/OF/ft 
Coef of Thor Exp, per OF x 10 
Specific Heat, Btu/lb/ 0F 
Water Absorption (24 hr), %. 
Transparency (visible light), % 
Refractive Index, ni­
-
D792 
-
D696 
D570 
-
0542 
188 
018 
317-323 
-
01-0 15 
Opaque 
-­
186-200 
025-05 
25-50 
-
008-01 
Opaque 
175-1 8 
0075-0125 
0246 
003-0 5 
Opaque 
MECHANICAL PROPERTIES 
Tensile Strength, 1000 psi 
Tensile Modulus, 10s psi 
Elongation, % 
Impact Str (Izod notched), ft 
Flexural Strength, 1000 psi 
Mod of Elast in Flex, 10s pi 
Compr Strength, 1000 psi 
Hardness (Rockwell) 
Abrasion Res (Taber) 
.651 
lb/in 
D651 
D651 
D256 
0790 
D790 
D690 
D785 
65 
-
<3 
10 
16-19 
25 
10-125 
M87 
4-6 
-
<3 
034 
6-10 
14-17 
106-170 
M71-95 
30-35 
28 
-
10-25 
33-47 
26-32 
15-24 
75 (Barcol) 
ELECTRICAL PROPERTIES 
Volume Resistivity ohm cm (dry) 
Dielectric Str (short time), v/mi! 
Dielectric Constant 
60 cycles 
106 cycles -
Dissipation Factor 
60 cycles 
106 cycles . 
Arc Resistance, sec 
D257 
D149 
D150 
D150 
0495 
9x 1014 
280 (inoil) 
434 
428 
001 
0004 
240 
5 x 1014 
380 (inoil) 
41-45 
34-43 
0002-0004 
0001-0004 
250-310 
2-5 x 1014 
725 
39-42 
38-397 
0020 
0002 
225-250 
APPLICABLE PROCESSING 
METHODS 
Compression molding, transfer molding 
and injection molding 
Layup molding, 
laminating 
TRANSFER MOLDING 
Pressure, 1000 psi 
Temperature, F 
Shrinkage, % 
05-10 
350 
00005 
0150-5 
310-350 
0004-0006 -
HEAT RESISTANCE 
Max Rec Service Tamp, F 
Heat Deflection Temp (264 psi), F -9648 >500 >900 >500 520->900 450-500 >900 
CHEMICAL RESISTANCE Resistant to aviation gasoline, lubricating oil, and sul 
phuric and hydrochloric acids Slightly softened and 
pitted by sodium hydroxide, except some mineral filled 
materials Should be tested if resistance to ketones, 
toluene, ethylenes, etc, is required 
Satis res to aviation gas, 
lube oils, 40% sulfuric 
acid, 5% hydrochloric acid 
and freon 114 Slightly att 
by 5% hydrochloric acidSeverely at by many or­ganic solvents 
USES Connector plugs, and other 
structural electronic parts 
requiring heat resistance 
Electronic component en 
caosulation such as tran­
sistors, diodes, resistors 
and capacitors 
Special high temp struct or 
elect parts, such as aircraft 
radomes and ductwork,
thermal and arc barriers, 
covers and cases for high 
freq equip 
Rubber - Molded, Extruded 
Natural Butadlenoe- Synhetie Butadlene- Chloroprene Butyl 
Type * Rubber 
(Cis-polylsoprene) 
Styrene (Polylsoprene) Acrylonitrlle(Nitrile) (Neoprene) (Isobutytene-Isoprene) 
PHYSICAL PROPERTIES ASTM 
Specific Gravity 
Ther Cond, Btu/hrI 
s ftF/ift 
Coef of Ther Exp(cubical), ti0s per cF 
D792 
C177 
D696 
093 
0082 
37 
094 
0143 
37 
093 
0082 
-
098 
0143 
39 
125 
0112 
34 
090 
0053 
32 
Electrical Insulation Good Good Good Fair Fair Good 
MmRec Svc Temp, F 
Max Rec Svc Temp, F 
-0 
180 
-60 
180 
-60 
180 
-40 
300 
-40 
240 
-50 
300 
MECHANICAL 
PROPERTIES 
Ten Sir, psi 
Pure Gum 0412 2500-3500 200-300 2500 3500 500-900 3000-4000 2500-3000 
Black D412 3500-4500 2500-3500 3500 4500 3000-4500 3000-4000 2500-3000 
Elongation, % 
Pure Gum 0412 750-850 400-600 - 300 700 800-900 750-950 
Black D412 550-650 500-600 300-700 300 650 500-600 650-850 
Hardness (durometer) A30-A90 A40-A9O A40-A80 A40-A95 A20 A95 A40-A90 
Rebound 
Cold 
Hot 
Excellent 
Excellent 
Good 
Good 
Excellent 
Excellent 
Good 
Good 
Very good 
Very good 
Bad 
Very good 
Tear Resistance Excellent Fair Excellent Good Fair to good Good 
Abrasion Resistance Excellent Good to excellent Excellent Good to excellent Good Good to excellent 
CHEMICAL RESISTANCE 
Sunlight Aging 
Oxidation 
Poor 
Good 
Poor 
Good 
Fair 
Excellent 
Poor 
Good 
Very good 
Excellent 
Very good 
Excellent 
Heat Aging Good Very good Good Excellent Excellent Excellent 
Solvents 
Aliphatic Hydrocarbons
Aromatic Hydrocarbons 
Poor 
Poor 
Poor 
Poor 
Poor 
Poor 
Excellent 
Good 
Good 
Fair 
Poor 
Poor 
Oxygenated, Alcohols 
Oil, Gasoline 
Good 
Poor 
Good 
Poor 
Good 
Poor 
Good 
Excellent 
Very good 
Good 
Very good 
Poor 
Animal, Vegetable Oils Poor to good Poor to good - Excellent Excellent Excellent 
Acids 
Dilute 
Concentrated 
Permeability to Gases 
Water Swell Resistance 
Fair to good 
Fair to good 
Low 
Fair 
Fair to good 
Fair to good 
Low 
Excellent 
Fair to good 
Fair to good 
Low 
Excellent 
Good 
Good 
Very low 
Excellent 
Excellent 
Good 
Low 
Fair to excellent 
Excellent 
Excellent 
Very low 
Excellent 
USES Penumatic tires and tubes, power Same as natural Carburetor dia- Wire and cable, Truckandauto 
transmission belts and conveyor
belts, gaskets, mountings, hose, 
rubber phragms, self­
sealing fuel 
belts, hose, ex 
truded goods, 
mobile tire inner 
tubes, curing 
chemical tank linings, printing press 
platens,soundorshockabsorption, 
seals against air, moisture, sound 
and dirt 
tanks, aircraft 
hose, gaskets, 
gasoline and oil 
hose, cables, ma 
chmery mount­
ings, printing
rolls 
coatings, mold 
ed and sheet 
goods, adhe 
sives, automo 
tive gaskets 
and seals, 
petroleum and 
bags for tire vul 
carnzation and 
molding, steam 
hose and dia 
phragms, flexible 
electrical insula 
tlion, shock, 
chemical tank vibration ab 
linings sorption 
REPRODUOIBILITY OF THE
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Rubber - Molded, Extruded 
Polysulfida 
Type * 
PHYSICAL PROPERTIES 
Specific Gravity 	 135Thor Cond, Btu/hr/sq ftrF/ft ­
-Cool of Ther Exp (cubical), I0 pet F -
Electrical Insulation Fair 
Min Rec Svc Temp, F -60 
Max Ret vc Temp. F 250 
MECHANICAL PROPERTIES


Ten Str, psi

Pure Gum 250 400 
 
Black >1000 
 
Elongaton, % 

Pure Gum 450-650 

Black - 150-450 

Hardness (durometer) 	 A40-85 

Rebound


Cold 	 Good 
Hot Good 
Tear Resistance Poor 
Abrasion Resistance Poor 
CHEMICAL RESISTANCE Sunlight Aging Very good 
Oxidation Very good
Heat Aging Fair 
Solvents 
Aliphatic Hydrocarbons Excellent 
Aromatic Hydrocarbons Excellent 
Oxygenated, Alcohols Very good
Oil, Gasoline Excellent 
Animal, Vegetable Oils Excellent 
Acids 
Dilute Good 
 
Concentrated Good 
 
Permeability to Gaes Very low 
 
Water Swell Resistance Excellent 
 
USES 	 Seals, gaskets, di­
aphragms, valve 
seat disks, flex­
ible mountings,
hose in contact 
with solvents, bal­
loons, boats, life 
vests and rafts 
* Reinforced Vith high temperature non-organic illesb D atoiri, but no change in properte 
- For up to 80% arnatcs4 linttie point< - 150 F may stiffen at higher temperature 
Silicone (Polysiloxane) 
11-1 6013 
45 
Excellent 
-178 
600 
600-1300, 
-
100-500­
-
A30-90 
Very good 
 
Very good 
 
Fair 
 
Poor 
 
Excellent 
Excellent 
Excellent 
Fair 
 
Poor 
 
Excellent 
 
Poor 
 
Excellent 
 
Very good 
 
Good 
 
High 
Excellent 
High and low­
temperature elec 
trical insulation, 
seals, gaskets, di­
aphragms, duct­
work, o-rings 
Urethane (olisocyanate 
polyester) 
125 
-
-
Fair 
-65 
240 
>5000 
-
540-750 
-
A35-100 
Bad 
 
Good 
 
Good 
 
Excellent 
 
Excellentb 
Very good
Excellentb 
Excellent 
 
Excellent-

Poor 
 
Excellent 
 
Excellent 
 
Fair 
 
Poor 
Very low 
 
Excellent 
 
Fork lift truck 
wheels, airplane 
tail wheels, back­
up wheels for tur­
bine blade grind­
ers, spinning cots 
for glass fiber, hy­
draulic accumula­
tors, shoe heels 
_____________erties 
Polyacrylate 
109 
-
-375 
Fair 
-20 
350 
250-400 
1000-2500 
450-750 
150-450 
 
A40-90 
 
Fair 
 
Very good 
 
Fair to good 
 
Good 
 
Excellent 
Excellent 
Excellent 
Excellent 
 
Fair to good 
 
Poor 
 
Good to excellent 
 
Very good 
 
Fair 
 
Fair 
 
Low 
Poor to fair 
Oil hose, search­
light gaskets, 
white or pastel 
colored goods, and 
automotive gas­
kets and o-rings 
(especially for re­
sistance to ex­
treme pressure 
lubricants and oils 
containing sulfur) 
Polybutadiene 
091 
-
Good 
-150d 
200 
200-1000


2000 3000


400-1000


450100


A40-90


Excellent


Excellent


Fair


Excellent


Poor


Good


Good 
Poor


Poor


-
Poor


Poor to good


-

-

Low


Excellent 
Pneumatic tires, 
shoe heels and 
soles, gaskets and 
seals, belting, 
sponge stocks, 
often usedin blends 
with other rubbers 
to impart better 
resilience abrasion 
resistance and low 
temperature prop 
Rubber-Molded, Extruded 
Type* Epihlorhydrmn Fluorosilicone EthylenePropylene 
Chloro 
sulIonatedPolyethylene FluorocarbonElastomers PropyleneOxides 
Styrene Iso­
prene Styrene & 
Styrene Buta 
Honopolymer (EPOM) (Hypalon) diene Styrene 
&Copolymer Block Polymers 
PHYSICAL PROPERTIES 
Specific Gravity 132-149 14 086 111126 14-195 102 094115 
Ther Conda 
Coef of Ther Exp, 10- 5/F 
-
-
013 
45 
-
-
0065 
27 
013 
88 
-
-
0087 
75 
Colorability Good Good Excellent Excellent Good Good Good 
MECHANICAL PROPERTIES 
Hardness (Shore A) 
Tensile Strength, 1000 psi
Pure Gum 
30-95 
-
4070 
1 
3090 
<1 
45 95 
4 
6590 
<2 
40-80 
>1 
3590 
07-45 
Reinforced 2-3 < 2 08-32 1525 15-3 > 2 -
Elongation,%
Reinforced 320 350 200 400 200-600 250 500 100 450 500 670 350 1350 
Resilience 
Compression Set Res 
Hysteresis Resistance 
Flex Cracking Resistance 
Slow Rate 
Poor Exc 
Very Good 
Good 
Very Good 
Very Good 
Good Fair 
-
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Fair Good 
Good 
Good 
Good 
Fair 
Good Exc 
Good 
Good 
Good 
Very Good 
Fair 
Very Good 
Very Good 
Very Good 
Good 
-
Good 
Good 
Fast Rate Good Good Good Good Good Good 
Tear Strength 
Abrasion Resistance 
Good 
Fair Good 
Fair 
Poor 
Poor Fair 
Good 
Fair Good 
Excellent 
Poor Fair 
Good 
Excellent 
Good 
Fair-Good 
Good 
ELECTRICAL PROPERTIES 
Dielectric Strength 
Electrical Insulation 
Fair 
Fair 
Good 
Good 
Excellent 
Very Good 
Excellent 
Good 
Good 
Fair Good 
-
-
Good 
Good 
THERMAL PROPERTIES 
Service Temperature, F 
Mm for Cont Use -15to-80 -90 -60 -40 -10 -80 -60to -80 
Max for Cont Use 300 400 < 350 < 325 < 500 < 250 150 
Low Temp Stiffening, F 15 to 80 < ­ 100 20 to 60 -30 to -50 20 to - 30 - -60 to -80 
CORROSION RESISTANCE 
Weather 
Oxidation 
Ozone 
Radiation 
Excellent 
Very Good 
Good Exc 
-
Excellent 
Excellent 
Excellent 
Good 
Excellent 
Excellent 
Excellent 
Excellent 
Excellent 
Excellent 
Excellent 
Fair Good 
Excellent 
Outstanding
Excellent 
Fair-Good 
- Very Good 
Very Good 
Very Good 
-
Fair 
Good 
Fair 
Poor 
Water Good Excellent Good Exc Good Good Excellent Good 
Acids 
Alkalis 
Aliphatic Hydrocarbons
Aromatic Hydrocarbons
Halogenated Hydrocarbons 
Good 
Good 
Excellent 
Very Good 
Good 
Very Good Exc 
Very Good 
Excellent 
Excellent 
-
Good Exc 
Good Exc 
Poor 
Fair 
Poor 
Excellent 
Excellent 
Fair 
Poor Fair 
Poor Fair 
Good Exc 
Poor Good 
Excellent 
Excellent 
Good 
Good 
Very Good Exc 
Poor Fair 
Poor Fair 
Poor 
Good 
Good 
Poor 
Poor 
Poor 
Alcohol 
Synthetic Lubricants (diesteri
Hydraulic Fluids 
Silicates 
Phosphates 
Good 
Fair Good 
Very Good 
Poor Fair 
-
Excellent 
Excellent 
Excellent 
Good 
Poor Fair 
Fair Good 
Good Exc 
Very good 
Poor 
Good 
Poor Fair 
Excellent 
Fair Good 
Good 
Poor 
-
Fair Good 
-
-
Good 
Poor 
USES Diaphragms,
print rolls, 
belts, oil 
seals, molded 
mech goods,
gaskets, 
hose for 
petroleum
handling, 
low temp 
erature 
parts 
Parts requir
ing res to 
high temp 
solv or oils, 
seals, gas
kets, 0 rings 
Elec insul and jacketing, 
footwear, 
sponge, proof
ed fabrics,
automotive 
weather strip
ping, hose, 
belts, auto, 
appliance 
parts parts 
req outstand 
ing ozone res 
and heat res 
Flex chemical 
and petro 
leum tube 
and hose 
rolls tank in 
igs, high 
temp belts, 
wire and 
cable shoe 
soles and 
heels floor 
ing building 
products, ex­
truded and 
molded parts 
0rings, brake 
seals, shaft 
seals, gas
kets, hose 
and ducting, 
connectors, 
diaphragms 
carburetor 
needle tips, 
lined valves, 
paclungs,
roll coverings 
Electrical in 
sulation, 
molded mech 
anical goods 
Thermoplastic
grades mold 
ed mecham 
cal goods, 
packaging, 
sports equip, 
disposable
pharmaceuti
cal items 
Solution 
grades ad 
hesives, coat­
ings, caulk 
ing, sealants 
aBtu/irisq ftltFlft 
APPENDIX B. TEST DATA FOR THE HARD TUBE ENGINEERING MODEL 
RADIATOR (Outlet Temperature versus Tube Number


and Map of Thermocouple Readings) 
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APPENDIX C. 	 TEST DATA FOR THE SOFT TUBE ENGINEERING MODEL 
RADIATOR (Outlet Temperature versus Tube Number 
and Map of Thermocouple ReadLngs) 
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APPENDIX D. COMPUTER PROGRAM LISTING HARD TUBE TEST ARTICLE 
TEST POINT 1 
,f-i, -
cfl~~tekte~nrrt~nt-repQ­
-i^ -:T 
--­ - -­ -­ - -­ -&ATE -100975­ - -PAGE­ 3 
BCD Z7HERNAL LPLS 
BCD SHARD TUBE INFLATABLE RADIATOR 
END 
~ jI~J~O ~ ~ ~"SENVIAONMENT"NODE 
GEN -61fl0 ,21,7O,1.
EN :2,21 
-1 964 
$SYMNETRICAL NODES $FLUID NODE 
SFUIDNODE 
A-ii 7 7;BEN -1 ,&161 ° 
isT4END 
S 'N 
' 
O 
GEN 2,12SFLUI 
OEN 0611T,3.,015 
SEN 1-42 12,7d::7l. 
-CEN -61 T . 
'SN 6 OiIA2b 
NODE 
SFTUID NODE 
$SFLUID NODE 
$RUCTR ND­
1 NOD 
Nos 
>TUBE 
SEN 16,6,D1,7.,.C025 
SN 126,101,70.,.0544
SEN 17 610,70,.C224 
ITUBENODE $STRUCTURE $STRUCTURE NODENODE 
~ ASIhC'S OOO12 ,o -,A;2 ,K STUE NODED 
- ~ 
SIN 6000,12,1,7J.,A2,K4
SIM 1100O,12 7N 
SIN 012,7U l A_,X5 
, Nt lyIM1DO,2':D,~n
sui ISOo1,±ziT.7 Kk 
STUBE NODE 
SP ,NODE 
SFIN NODE 
Sr, N NODE*,,,
.INOOE-NOD 
--
SIM 2300,12,,7.,AKS FIN NODE 
SIM 240O,12,1,7 .,A31KS SFIN NODE 
SIll 2500,121,.ASK SIN NODE 
S IM 
SIN'r3t0,A2',Ij7Uh,, kS$#IN NODE $IM'3'IO#12,,?O.AS, ISFNNODE -
RG NAL,AGA3" ISONONOOER 
SI 400121,L.AZ,KS
SIX4 420U,12,1,7b,A3,KSSIN 43,)C,12,I,7c.A3,K5 
SIN ,15O,12,1,7J.A3,K5E 
~~lODEPRODUCIBILITY 
$FIN NODE $FIN NODE 
SFIl NODE 
SPIN NODE 
OF THE-
REPRODU~mInT OF THE 
ORIGINAL PAGE IS POOR 
SIM 52S1=10 A1. FIN NOD 
" SIN 5300,11, ltD=fA3 K5 $FIN NODE 
SIM 5500,12,1,7G.,A3;K5 $FIN NODE 

r END 

S I THRU to • $a8 81 5 6 4 11 al 31 41 51 
31 THRU 40 1001 1092 1003 1004 1005 1006 IQ07 108 1009 1 10 

, 41 THRU 50 10111 2000 z0fi1 2002 2003 Z ,04 ZU05 ZLO6 2007 0cc8
51 THRo 60 2009 Zola zal11 3000 3U01 3092 3003 3C04 30c5 3LO6 

.7-', -RU*, Q, - 00 06t0 o00 4009 4010 4011 scar soul 5002 
1 . ¥R 00 5 5006 5007 S0038 50109 Sale 51311 6 
' C Te 00 04 6C06 6006 060 l!6 Goes 6007 60099 

za 1203 

121 THRU 13C 1207 1208 1209 1210 1211 1300 1301 1302 13 3 1304 

131 THRU 14C 1305 1306 1307 1308 13G9 1310I 1311 140a 1401 14C2 

111 THRO 120 1169 1110 IiiLi 120 11 1202 1204 1205 1206 

lsfii Isez 1503 1505 IS07 1509
/ 52 1 0 1504 1506 1508 1510 

IS, TR 7 ; Vi I1 -, 2100 2101 2102 2103 2104 2105 2106 2107 2108 
fRU t8 ,2109I Z11O 2111 2200 2101 220Z 2203 2204 2205 Z206 
191 THRU 200 23135 2306 23Q7 2308 23C9 2310 2311 Z400 24CI 24C2 
201 THRU '10 2403 2404 2405 2406 24C7 24ci8 2409 241a 2411 25C0 
211 THRU 220 2501 2502 2503 2514 2505 25'16 2507 2508 25n9 2510 
h W • Z41 ORU -240. " 3109 3110 3111 3200 3Z01 3202 3203 3204 3205 3Z06 
,24, 1 THRU 250 . 27 308 32V9 3210 3211 3300 3301 3302 331!3 33C4 

2151 425-THRO 26 , V D 6 3308 3310 3400 3402
305 53 33a7 3309 3311 3401 
271 THRO 80 3501 3502 3503 504 35C5 3506 3507 35C8 35P,9 3510 

281 7HRU 290 3511 4100 41101 4102 41E3 4104 41(.5 4106 41C7 4108s 

291 THRO 300 4109 4110 4111 4200 4,Cl 4202 4203 4204 42r5 4,C6 

-31{ THRO 3zO '1"75 43(36 4307 4308 4309 4310 4311 4400 4401 4402 
'.f" " -/g TRU 330 03 4404 4405 4406 4407 4408 4409 4410 4411 4500 

331. T,1, 0 4502 4503 4504 4505 4506 4507 4508 45C9 451014 34U ZSoI 
­
,.,.., . T$4' IsO 5 -_ 1 i1--- -­ 143--7-S- -51G4- -6-- S-- -,54G6 -5-t.C7----t8. .. 
351 THRU 360 5109 5110 5111 5200 5201 5202 5203 5204 5205 5206 
361 THRU 370 5207 5208 5209 5210) 5211 53V0 5301 5302 53n3 53G4 
371 THRU 380 5305 5306 5307 5308 53C9 5310 5311 5400 5401 54C2 
S" 39.1 T14RU 400, 5501 5502 55S3 5504 5505 55r'6 5507 5505 5509 5510 

40. "rHRU 419 5511 10000 90 91 92 93 94 1150 1151 1152 
411 THRO 420 1153 1154 1155 1156 1157 1158 1159 1160 1161 61CO 

431 THRU 440 6112 2 3 1 70 71 1c 2C 3t 4L 

441 THRU 45L 50 60 is 25 3b 45 55 65 110 1 1 

-"451 THRU 460 102 1103 104 105 106 107 i06 109 Ill III 

•461 THRUI 47n -- 2?O----q--­ -­ -205 2C6 207 - z a 2092 C3 C 4 

47 H U 4 0211, 211 300 3131 302 3)3 304 305 3C6 3C7 

. 8 HU 40308 309 310 311 4CE0 4nl 4 2 403 4-4 405 

SPRPDcEZO 
-­
4 9 ~ ~ 4~fSt'07 
-A0 4d9) '10%P311 ATYSe"04 P.5051,­ 0 507 $06 
NODEANALYSIS. 
-­ -­& ---695--­ - 6-6NODE ANALYSIS.., DIFFUSION 401, ARITHMETIC C, BOUNDARY z 
BO 3CONDUCTOR DATA 
-­
411 
5139 
- -­
119, 
-­
5co 
sit 
--­f-Cd 
TOTAL = 
DATE 12C975 
501 SrZ 
511 6rl3 
609 610 -­52 
5U3 
0 
611 
P-AE 7 
BEN 1000 , s W SAXRULCTURE
,10, ,3 0001 10 &fRUDTL5UR­
-, ,T 3n1~0t1Y010 T 37QtsOUs~cNu)a 
GE2 r5 4 SCONE) T CT*.jt ~EV-4 510 1449g TzI ,AZ3f SOON s'22u~ 
GEN 600 0, 1,600 011"I 2 IAL COMN 
SEN iDO,1,,1.0,1lO1,,0J11 SAXIAL COND 
GEN Il ,11 ,.OOj SAXIAL CON 
1 y SAX AL'CORD 
c a allll SAXIALCOND 
-
,GEN, H 65Qi.1 oo 
BEN 2200,111,22001,2201
GEN 230,1111.u 
,0001
.001 
SAXIAL COMD $AXIAL COND 
SAXIAL COND 
-E&,--zoo lxzprn',:j-; 1j $AXIAL CCNC, 
GEN 21011121012101,.on SAXIAL COND 
"EN - t t 0 0 0 1 SAXIALCONO 
30 1,15 1.2 $R4AILCN 
goD3101Y1ttQY1I/.', 
GE 011;,330,330,i. SAXIAL CONDGEN 34Ut111,1 3001,341~ U0 1 SAXIAL CON 
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9375.,-$is .026lC;-. 58 . .o251c 
- - 248''02510 
AX4Z0402. 14208 :02510 
5108 .02510 
5508 .OZ5lu 
. ... 0Gzsla01,32139 :2510 
10 .02510 
0 
120821038 
2508 
L 3 4 
430b 
5208 
1109 
24093SQ9 -
4209 
5­
& 0 
0251­
.02510
.12510' 
.02510 
2 5 Pt 
.0z510 
.0251a 
.02510 
-02--1-0 
Min61 
02510 
,.02510 
5-40-7­13082208 
31118 
-3538-­
4408 
5308 
1209 
-69­
2509 
3409 
4309 
-
-
-
251G-­
.02510
.02510 
.12510j
.0G24M 
.0251Q 
C2510 
C02510 
r2&4Q 
.02510 
.02510 
.02510 
- -
-
-657 ­14682308 
3208
-4108 --­
4508 
5408 
1309 
2209 -
3109 
359.251 
4409 
-­
.012510
.02510 
.02510 
-. 1325110­
.0251C 
oC0251C 
.02511 
.13251-G 
.02510 
.0251C 
-
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94 
2 
4509 
5409 
1310 
ill0251 
3110 
3510 
4410 
1211 
2111 
2511 
-311 
5211
' '81 
.0251Z 
.0251Z 
.02510 
.02510 
.02510 
.02510 
-­-. 5--e-­ee&i 
.0251!, 
.02513 
.02510 
4402j 
2518 
.025101.0T700. 
t 
-
5109 
55'39 
141L 
2r*H 0-­
321L 
4110 
451k 
-*4Ie­
1311 
2211 
3111 
31 
4411 
5311 
-­
-
, a2510 
.02510 
.0251n 
r62frt& -­
.02510 
.02510 
.02510 
-~2W---­
.02510 
.0251r 
.32511 
-21­
.02510 
.02513 
52L9 
LD110 
1510 
-­2416 
3310 
421E 
511C 
5-nf 
1411 
2311 
3211 
* 1 
4511 
5411 
-
-
-
,L2510 
. l251 
L1251C 
L2frlt­
.02510 
.02510 
.22510 
.rgut2 -
.02510 
.!251U 
0251L 
-51t 
.C2510 
.0251L 
-t 
3-9 
1210 
211C 
2n1Q
3410 
4310 
5210 
-
1511 
2411 
3311 
1 
5111 
5511 
.0251C 
.0251c 
.C251Z 
;C!25 It 
.02510 
.02510 
.02510 
4,2510--­
.251C 
.02510 
.02510 
.025-10­
.0251r 
.0251C 
-
. 
--­
.. 
CONNECTION DATA 
0'FROM SURFACE TO SURFACE SCRIPT FA 
90 
90 
90 
92 
93 
94 
.44075-02 
.26658-02 
.48731-04 
91 
91 
92 
93 
94 
93 
.18021+00 
.26974-02 
.35189+00 
93 94 .11019-01 
- - -- - - -- - -- - -
- ---
- - UNIVAC-110 FORTRAN-v VERSIONS¥TS4HP CA IFFERENCNG ANALZER SINDA ­
-
 T 5503: 29.082 T 5504: 29.283 T 5505: 29.404 T 5506= 29.554 T 55Cr: 2 9 , 7c 7 T 5508- 30.004T 5509: 313.274 T 5510: 3a.564 T 5511: 3n.877 T 6000: 31.447 T 6 C12 31.64c 
 T 60C2= 31,864
1-1-1- - ~i-I 66jt 34.651' "T Oi- 35.095 T,I TiF6 6=,', T F a-3.7- 6100 29.045 T 61C1: 29.019
-T t- "T 6102= 29.031
Z-'-aT 61U3'-_t29.as3- T 6l04:j ,29.284 T ,6105: 20.406 T, 6106- 29.555 T 6107: --j3 -43- 6008- 3.-8229.758 T 6108: 30.Cc5 
'2 A~6lzfl56'S, T 6111: 3n:$77 71000 3003P7.4 
Ii 1= 9.1429 W 2: 9.1416 W 3: 9.1375 
 W 4z 9.1251 w 5: 9.0646 
w 6: 82.102 w 
 72 45.609 w 82 36.49P 
a3~Fi.~6z~s, ~ 
 OiP,\-:4aoo 927~ 

Itr~4)~%y$44i ts '4 ~ ';A.1072,7 P____ 4 .03000 
a'Aw~* P 5. 10818 
COMPUTER TIME 1.515 MINUTES


A6#~~~~~~~~~~ ~~~~~~ -- e-----o2. TU ci 0t7zt12-7-.53' 11Zi 12 3,, 32.963 8-4'*1 02RtXC--- '-1&)---6.-515503 -­,4 94.999 T S= 37.511 7 6: 32.963 
Hazg24 ,' " ' 8S;897-1 15: 38.139 T 16= 39.266 T 17= 40.115+>12i T 

• 44--t 5.3 O5 ."'v TA 0~' I ' Z: 8.04n1z'97 7 z"ES 38.098, T 26= T 27:. j.:-L.Zd . T ~---27 -f-- T- 35:-- =-- 39.170 37:- 39.976v.q9±----7----3 -38-.9-34- -T -- 39 3T 46: 95.351 f 41= 86.997 T 
 42: 78.954 T 45: 37.555 1 46: 38.456 T 47= 39.132
1ZT- 50: 94.982 T 51: 83.752 T 
 52= 72.934 T 55: 36.187 T 56: 37.394 7 57: 38.427
T 60= 32.962 T 61: 36.011 T 62: 63.673 T 65= 37.521 T 66= 
 37.589 T 67: 38.zos


209: -5.78I 'T 2 t19.897, T 4.O7: 89,613 101: 7
94: 7.977 T T B3.931 102= 78.334


7 303= 72,819 T 304: 67.755 7 305: 62.926 T 366: 58.317 T 307: 53.924 7 3:8: 997.3Tv 106= 58,4,., 107= S8= T IDS= 49.87285Oa4
|~1,0 t_ + 8 Q_+' 4.?+868 'I 4T12 38.0 200 89. 7841Z591 O 5 201 83+.876 202- 78.283T 309: 45.644 T 310: 41.711 
 T 311: 31.851 T 4100: 89.355 
 T 401= 83.465 T 402: 077.8
T 209= 45.766 T 10 1 41.839, T210= 611=
- T ';- ~7,4Z 37.977 T 300=: 79613 TT 303= 7T 05-----62.8&---------- 54mr 837497 13C2= 68.155
.9-3-7- 3C1: T
72.5819 T 3004= 67.755 T 3005= 62.9289 3006-- 45.317 --- T- -41t7- -- 5-3-.75-93-- ' -493Z4 ....­7 4S.5 T 5T0 8.379 3C57= 53.924 30C8=
118 4 5 T 49.713
S5o1 82.034 T 502= 76.084
+*1163. 54: 5.0 4 '7T 5 40.0 T 506= 55.8 7 SC7= 51.471 T 508= 47.332

,5.91 5 T 200: T 32.83C 33.151
611 32536 601: T 1602:
..-
.. T ---- - -+ -6&7e-- -35 .(95 -T 108: --3-S457 609: 36.011 T 610 36.494
 T
: 611: 36.999 T 1000: 77.981 T 101: 71.967
T 1003: 60.589 T 1004: 55.354 T 7 1002: 66.158
1005: 5q.289 T 1006= 45.384 T 1007: 4C.,92 T 1008: 36.423
T 1009: 32.858 T 1010: 29.411 T 1011: 26.071 T 1100: 72.231 T 1101: 66.490 T 1102: 60.9387 1103: + ,--. , 9 1108:?i ---- --- -- - 1-: -- -T Ii - 4 8T -1 -32.493$~T-~~ r90~ t 14: t25.,?42 1 11 2524 T lisa: 72.229 T 1151: 66.489 T 1152: 60.936 
-5.oC 'T 11$4: -SU.626 T'F n155= 45.179 T 1156: 41.082 T 1157: 36.487 T 1158: 32.492TT 19,2,01 ' 1160:= 25.701 T 1161: 22.523 T 1200: 55.134 T 1201: 5G.172 T 1202: 45.353T- 1264-1 *rS- itr- 3-2r~A --- T- t20t -- -- 2&R2-04-- -T 1t0D7- 24t; 182- -T 1208: -20.6487 6~l 
1209: 17.607 T 1210:, 14.660 T 1211: 11.798 
 T 13L'0: 49.622 T 1301: 44.9[7 T 13C2: 40.319


44 
-
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0-IS 
SYSTEMS IMPROVED NUMERICAL DIFFERENCING ANALYZER - - - SINDA - - - UNIVAC-1lC8 FORTRAN-V VERSION PAGE 72


WARD-T-UgE--4 TLEA . . ...
-OfR----

T 1303= 35.895 T 1304= 31.965 T 1355= 2'.949 T 
 1306= 24. 38 T 13C7= 2L.198 T 1305= 16.6L7
T 1309= 13.891 T 1310 11.062 T 1311= 
 8.3138 T i =20:55.108

-34 T 14l7= S.14S T 1402= 45.329L T "G! 1'9 ~ -T1~4TJ& -12-2-31 1409= 17.594 T 1410= - - - T-- 1-48-6: 28.183- - 14(,7= 24.16214.647 T 1411= 11.785 1 1403: -2-0.634 ­5$.5t1 058T T 151O= 72.177 T 150= 66.438 T 1502= 60.8687 t504= So52
 T 1505= 45,737 T 1506= 41.040 7 1507= 36.447 TI i509= 29.035 T 1510= 25.716 T 15(8= 32.4651511= 2?°497 T 209= 
 77.920 T 2J01= 
 71.908 1 2"02: 66.102
a- 4 260 4 4 5 34~-5-4 ~ ,-319- - 2efe * --­2009: 2010: 5 +-2JC7= 40.S94 ­ Zo32.828 T 29.382 1 2011= 26.041 7 21V: 72.170 T 08: 36.392 -­2103: 55.554 7 2104z 2101± 66.432 7 2102= 60.881
50.575 T 2105= 45.730 
 T 2106: 41.033 T 2107= 36.44" T
T 2109= 29.030 21C8= 32.461
T 2110= 25.711 T 2111:= 22..j T. 22V=
492 7 220": 55.065 T 2201= 50.105 T 22£2= 45.256
7 ??PV--- n"l----22e-5±--3264S- 445- 345632 40----T-
-T6~2rl
' 22f09= l7.564 7221n= 114.617 7 2211 4-2 -&72
 24y+1-- #C- -20.6C4F-11.754 T 2300: 49.539 T 2301±
230z= 
_35812304= 31.883 T 2305= 27.866 T 2306= 44.824 T 23CZ2 40.23623.952 T 2307: 26.112 
 T 23C8= 16.747
1309 .82310=11.003 2311= 8.2535 
 T 2400= 55.000 7 2402: 5O.' 40 T 2402: 45.220


2409: 24--9*S-is-1:4 2410=17.515 7 2410: 2411= ----- 4-*4e-- 26.060 -T ee7 4r 6 - V4­14.56 T 11.703 T 2500: 72.033 -B7-- -2 - -- ---20rS54-T 2503: 55.414 1 
 2504= 50.434 T 2505= T 2501= 66.294 1 2502= 60.743
45.587 T 2506:
T 2509= 28.928 40.884 T 25C7= 36.290 T 2508= 32.358
7 2510= 25.609 T 
2511= 22.387 T 3000= 
 77.766 T 3001: 
 71.754 T 3002: 65.9'.
6.7 0'- i.4-5-V3ZOt T--g5~-r 1107 9 -4- G3009: 71 3010= 29.268 --306: -45,1&&- ---4 e&7=-- 4.eC,76-- -T 3008=T 3011: 25.924 T 3160= 72.017 T 3101= 66.277 T -3 56 i2-7 7 ­31 3= T 3104= 50.413' 7 3105= 3102: 60:724- 45.565 7 3106= 40.861 T 31C7=
-' 2 36.267 T 3108= 32.341319 7 328.91,, 25.593 3111: 22.372 T 320"=$110: T 
 54.897 T 3201= 49.927 
 T 3202= 45.C99


T 3209: 17.421 T 321c= 14.466 T 3211= 11.602 T 330 : 
 49.337 T 3301= 44.605 T 3302= 39.999T 3303= 35.557 T 
 33.4= 31.620 T 3305= 
 27.591 T 3306= 23.662 T 3307: 19.825T 3309: 13.631 T 3310= T 33C8= 16.543
10.807 T 3311= 
 8.0581 T 3400± 54.744 
 T 34C1= 49.756 
 T 34C2= 44.9104 &1a-T-44 
-7TG5--44=G---4-
 6-aq64---- 7--47--

-3409= 7.249 T 34 0= 14.310 7 3412: 11.448 -23 6-64 --- 4- --3-408±= oa3 3 -ZT 350!: 71.694T 3603= S4.963 3304= T 3501: 65.917 T 35C2= 60.327
49:961 T 3505= 
 41;90 T 3506: 40.359 T 3507: 35.777
428,57S 25.267 T 3511= 22.051 T 40(1= 77.404 T '.DI1 T 3508: 31.995
3510: 
 71.351 T 4002± 65.503
 
T 
NOO'1 ,-E4=..9.648- T---505-----.T- T - 6:-- 44.607 T- 4007 35.429- - - --T- -40C8= -3SA954009: 32.338 T 401= 28.904 T 4C11= 
 25.567 T 41c0: 71.607
 T 41LI: 65.817
T 4103= 54.849 T 4104: 49.848 T 4105= T 4102= 60.218
44.979 T 4106= 40.250 T 4107: 35.691T 4109= 28.518 T 4110= 25.220 T 4111: 22.C13 T 4200: T 4158: 31 92954.184 T 4201: 49.114 T 42C2= 44.21035CS -2-4,=r 4209-r 164884 T 4210= 15.34 - Z-- & T--.. 4,2r6±=- 24r949- -T1 4267: - -23 -1-3 ­144006 T 4211= 11.205 T 4300: 48.244 - T 42&8: 19.859-- - --T 43 03t , 34.13t T '4304= 30.207 T 4Z01= 43.352 T 43U2= 38. 36 T 30B= 26.198 T 
4306= 22.303 7 4307: 
 18,756 T 4308= 15. 25T4 309 12.925 7 
4310= 10.220 T 4311: 
 7.59C5 T 44O0: 
 53.156 T 44C1= 47.938 
 7 44C2= 42.937


T 4409= 7 -13fl59±Z---.T r&26 -V- -4-4 06 - 2-5r770 T ---16.3C4 4410± 13.547 T 4411= 10.871 q4-07TZ- Z2.21O -T 4468: 19.i16-6T 4500: 69.44u
T 4503= T 4501: 63.341 7 4552= 57.544
52.382 7 45G40 47.113 
 7 4505: 42.327 
 T 4506: 37.714 T 45C7z 33.810 T 45C:T 4559= 27.309 4 30.481
510: 24.265 T Q511= 21.316 T 5P4 0: 74.975 T 50CI= 68.577 T 5002= 62.510 
5009%S09 30.989 ~ 5010= 157 -T -o-&f "5'--4651 -- --- SCt6z --. 4-.-772 T -5~-30­27:84 T 5011= 24.790 T 5101: 67.985 3-7.7-16 T 5r(8± -34r275­7 5103z 51.185 T 51C1= 62.075 7 5102: 56.465
T 510l= 46.405 T 5105: 
 41.788 T 5106= 
 37.342 T 5107= 33.593
T - 5109: 27.371 T 5110= 24.455 
 T 5111= 21.633 T 520C= T 5108= 30.41243.779 T 52C1= 
 39.785 T 5202= 35.992
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T 52C3= 32.423 T 52U4= 29.455 T 52C5z 26.350 T 5206: 23.379 T 52L7= 2,.77 T 52CB= 18.725 
T 5209= 16.763 T 5210= 14.769 T 5211: 12.9.2 T 530n= 29.965 T 53CI= 27.484 T 53C2: 25.136 

--­
9
r4t3- 17;6 62 53t7- 16. 172 -T 5308: 14.874 

.....9: 44-----T----B 34 ---- S 1 T---5306: -­ - T 01395 12.577 T 5311: 11.507 T 50n: 25.196 T 5401= 23.6 T 5402: 22.878
T 531C= 
t, 1 5403: 21.851' ,T 5404= 21.282 T 5105= 20.43 T 5q06= 19.654 T 5407= 19.039 T 5458= 18.524 

5409: 18.008 T1 5410= 17.693 T 5411= 17.330 T 550P= 29.033 T 55CI= 29.':6 T 55C2= 29.019 

550T3 2907 -4 1 zt-e---2 TS'i-5 5OS----a--3M-----T5506- 2;9-.543-----T- 550r7 -29 v74 7 T 508 -9-.993 -­
T 5509= 1.263 T 5510: 30.553 T 5511: 3'.866 T 6CO= 31.435 T 6C1= 31.6?8 7 65C2= 31.852 

T 6003: 32.108 T 6004= 32.427 T 6005= 32.731 T 6r06: 33.060 T 6LC7: 33.4,t T 6C00d 33.8C8 

9
T 6009= 34.215 T 6010: 34.639 T 6(11= 35.084 T 610r= 29.034 T 6101= 29.007 T 61U2: 29.020 
103- 29.D72 T -6 -G4. --a-23----T--&1&C---2­r34E5 --T---IO- -29r56-4-- -T -6-i5-7z- -21k,747 -- T &,108--- 29.994- ­
zig: 30.263 7 6110: , 30'554 T 6111= 30.866 T 1000 -310.00 
9.130 ,i 4W': 2: 9.1417 W 3= 9.1374 W 4= 9.1247 W 5= 9.0640 

ti :; m.2 -36--.416- -- --- -- - ---- --­7:S '.&9---------8 ----
DP 1= .26072 OP 2: .26n72 OP 3: .?6"72 DP 4z .26072 DP q: .269172 

DP 6= .10727 OP 7= .26114-03 OP 8= .90865-13 
'P 21.36825 "'rp 2= .36799 P 3= .I0727 P 4z .00000 P 5= .1C818 . . . 

.... 

CMPU ER;T E _ ' 2 MIOUTE5'" ,,

END OF DATA
 
k * *DIVIDE CHECK HAS OCCURRED* * 
&BRKPT PRINTS 

IF 
-r~~~ ~~ I_r7- - -- -­
APPENJ D;n( E 
CQAPU)T E f?- PtZ-OcazRA A LISTINqG 
SOIZT TUBE TECT; Awr IC L-E 
'rF. T POINT I- i 
-INDiTSIFLO PRE ROCESSOR DATE n0775 PAGB 3 
BCD 3THEIMAL LPCS 
BCD $SOFT TUBE INFLATABLE RADIATOR 
BCD 3NODE DATA 
GEN -51613,,7C.,1. $SURFACE NODES 
GEN 10008, 17C.,.0C7 STUBE NODE 
GEN 3001,8,1,r.,.C)OV STUBE NODE
BEN 408,8,1 ,70.,.C007 STUBE NODE 
GEN 5008,1,7,.. nO07 STUBE NODE 
GEN fZ8l 1 -~r2q--f E NO-9-E­ --
SEN 208318,1,l . .OQ7 STUBE NODEGEN 3083,8,1,7 O.,.OC07 STUBE NODE 
BEN 4083,8,1,71.,.007 STUBE NODE 
--­ee-­ - ir -R. tf7-ftE- N ..e....-. 
GEN 999 5 nDo,7r. , .Ot7$NANTFOLD TUBE 
SEN 1O ,!,1flG0 TL.,.OC7SMANIFOLD TUBE 
SEN -1,2 1,95 .. SLUID NODE 
- --­
..... 
-
'-DEN-1dSFLUIO NODEG EN-"19i s;1,7e:;i. IFLUID NODESEN -1Q0,8*t1,7.;. SFLUID NODE SEN -5~0,8,1,70.,1. SFLUTO NODE 
---­een----e ~NOD--------
GEN -400,8 ,7C: i. SFLUID NODE 
GEN 500n,8,1,70.1. SFLUTO MOOF 
GEN -183,8,1,7C.,l. $FLUID NODE 
- -­
-
BEN - 93S1i T %=FLUID NODF
GEN -483,8,1,T,1. SFLUID NODE 
GE'-583 170 . $FUDNE 
GE 
-%St+MTOt-0 
-NO-ar--------BEN 165C,8,1,7.,.OC144 %FIN NODE 
GEN 7lO,8,1,7C.,.CG1q4 SEIN NODE 
GEN 175C,8,1,7°.,.OOt44 SFIN NODE 
---GEN ~1t--r,'-&,rto+4 -S-fIN-NffOE----
GBEN :8: 8881TO°,.O7 SFN NODE 
SEN 1908 ,8,1,7G.,UV 117 SFIN NODEGEN 195O,811 7.,C$OlI7 $FIN NODE 
GEN-24Or,,-,8e',7 r.O l -SFIN NODE ---
GEN 2750,8,1,7r:,!tO117 SFN NODE 
GEN 2800,8,,7Cr.,.PD0117 SFIN NODE 
-EN C85,V970..OD117 SFIN NODE 
GN 2z SPIN-40EGEN 290;8,1,76.,.CO117 SFIN NODE 
GE SPIN NOD
GEN 115 8G117,.C°OC 17 I E 
SEN 125,8,1,71...C0117 SFIN NODE 
GEN 125t8,1,7O.,.rjcl117 SFIN NODE 
GEN 135C,8,170.,..lD117 SFIN NODE 
- -
---
GEN 145r,s,i,7,.00011-7 $FIN NODE-GEN 15"0,8,I1,71.,.CG117 $PIN NODEGEN 155 8,1,7l..nOD117 SFIN NODE 
URSPODUOIBILITY OF THE


ORIGiWAL PAGE IS POOR


SINDA/SINFLO PREPROCESSOR 
t GEN'210, .O17 SFIN NODE 
DATE !P1775 PAGE 4 
-
BEN 2200,, ,C00117 $FIN NODE 
GEN 2258,t.80.117 SFIN NODE 
SEN 3110, .,.CO117 SFIN NODE4xBN&2 4 S<8 yrPr..f404-S F4-44 0 
BEN 2 8G4 .000117 SPIN NODE
'S,EN 2450,8 ,l,.5c01'17 SPIN NODE 
SGEN 2500COI, 17 SPIN NODE 
-.. ... ... . ...... ..-
W" 
SEN 3100 .,.000117 SFIN NODE 
GEN 31508 ,000117 SFIN NODE 
EN 320 7.,.D0117 SFIN NODE 
BEN 33D00,1, 0l~117 SFIN,NODE 
SEN, 335081,0,.OOOlII7$FIN NO0E'14 -&FIN - B 
, BEN3400,8 f~0117 SPINNODE " 
'~-' 
,cG' 
, 
BEN 3500,.000117 $FIN NODE 
DEN 3550,817..00117 SFIN NODEGEN 4100,8, 70. C17 SFIN NODEN NSry.-r-.a0.-N4O---
E000117 SPIN NODE 
C,:EN*4, .p00117sFIN NODE 
-­ --..---.-.-.-.--­ - - ----­ - - -- - - -
4> 
2 ' 
~ 
. 
GEN 440t 1, .O0117 SFIN NODE 
BEN 4480,1,70, 017 SFIN NODE 
6EN 45008a170.-.000117 sFIN NODE 
-GENS15851si',F,7f.000117SFIN NODE 
SEN, InlS,8T..OUl P$FINNODE 
, 5O 1 7O..%.AI-117 M-­ -­ -­ -­ -­ -­ --
S 
SEN 450,8,1,7C.,.000117 SFIN NODE 
SEN -5350S8 1,7C.,.ODD17SSYPMETRICAL NODLt EN 998,5 160070 Dl016 SHANIFOLD NODE 
-movilo e 4M4,4-L-OJS4ODE--­..........-----.---
GEN 1025S4,17C.,.110, $DRUNODE 
SGEN 9O 5216 0 2620136*SENUF L NODE 
- - - - -
END 
9003,7C.,1000000. SSURFACE NODE 
F 
.. 
-­
... 
1 'THRU It' 
T114AU 20 
2- -- HRL-­ 3O- --.. 
31 THRU 4L 
41 THRU 50 
51 THRU 60 
6-1-4HR­ -U4 -­
71 THRU 80 
81 THRU 9C 
91 THRU lOU 
---------­ - A-CT-UAL t400C NUMBERS--
IOUC 01 1 02 10D3 1094 c5s 
200C 2003 2004 2005 2006 2C(7 
.....-24-IJ -­ -04S------­3007­ 4000 - 4O 
4C06 4007 5000 5C01 5002 5L03 
ir8Z 1084 1085 1086 1087 I88 
2085 2 0 8 . 2(87 2088 2089 29C 
-3-87-4-8­ 3-0&-9­ 3(Ut-­ -4 r,8­ 4C814 
4089 409L 5083 51384 5PI85 586 
999 1999 2999 3999 4999 1t91 
3 4 1650 1651 1652 lc58 
1006 
30,10
-4002 
004 
1089 
'083 
'WDAS 
5087 
2V91 
1654 
-
1V'7 
30014003 
5on5 
1000 
3084 
- 186 
5n88 
3091 
1655 
203 
8C00 
300240L04 
5006 
2C83 
3085 
4C87 
5t89 
4091 
1656 
20 
2001 
3L03 
4LS 
5L7 
?L84 
3"86 
4-8S 
5L9 0 
5091 
lb57 
EZ 
- -  
dF - I oA- S I-NL0PREPROCSSOR --	 CATL 1C177 PAGE 
' TI101 THRU iIc 17MG 1701 17r2 1703 17r4 17115 1716 17"7 175 1751


-
i -I+--THR -- 2L' 1--2--- -- 75 - -17 54 - 1755 1756 1757 j5pr Is'I 18n2 .C35


121 THRU 150 18C4 1805 1BC6 1807 185C 1P51 1852 18q3 1854 1855


131 THRU 14L 1856 1857 19%L 19G1 1912 IS03 19'4 19"S !9n5 1907


141 THRU 156 199C 1951 1952 195Z 1954 155b 1956 19-7 ,7,'3 V7,1


S.-T- - +%----1-66 -- 2f-- -Z'-7a--- -,7n+ -- MS 2706- 2TO7 2750 775 2752 2753


161 THRU 170 2754 2755 2756 2757 28ar 28c1 2802 2813 2504 2805


._171 THRU 180 28n6 2807 285C 2851 2852 ?a53 28 4 2855 2856 2357


181 THRU 19U 29 U 29f01 29ne 2903 2904 2cP'5 ?9V6 ?9V7 295,1 2951


201 THRU 2 1r 1104 11ns 1106 1107 1150 1151 1152 1153 1154 1155 
211 THRU 220 1156 1157 12ou 12C1 1292 1203 1214 1205 12r, 14137 
221 THRU 23L 125C 1251 1252 1253 1254 1255 1256 1257 1500 I3U1 
S241 THRU 250 IZ54 1355 1356 1357 1400 1401 14n2 1403 1404 14G5 ­
f 	 251 THRU ?611 1486 1407 1450 1451 1452 1453 1454 1455 1456 1457


261 THRU 275 0 s 150al1 SE2 1503 1504 I=05 15136 1507 1550 1551


281 THRU 290 21C4 2105 2106 ?lr7 215:; 2151 2152 21-3 2154 2155 
291 THRU 30L 2156 2157 2 2 r ?22V1 2202 2,-r3 72n4 2205 2206 22C7 
301 THRU 31.: 225L 2251 2252 2253 2254 2'55 2256 2257 2300 2301 
321 THRU -330 2354 2355 2356 2357 ? 4013 24C1 2 4P2 2403 24n4 24135 
331 THRU 34Q '2406 2407 2450 2451 2452 2453 2454 2455 2456 Z457 
341 THRU 350 250L 2501 2502 2503 2 504 2505 25q6 7507 255V 2551 

-- - 5---1- -- 3 2- -1-5- M54- '55 5 .... 2556 -2 =-- -- IP-- .... t0 - 3102 ­ 3103
- H Rt .- -­
361 THRU 370 31*4 31;;b 3106 31n7 315C 3151 3152 3153 3154 3155
r
371 THRU 38 3156 3157 32VU 3201 32C2 3203 32124 3205 32136 3257 
381 THRU 396 3250 3251 325Z 53 3254 3"S5 5256 3257 33CLI 33c1 
4i1 THRU 410 335 64 5355 3356 1357 34Cr 34fll 34Q2 34r3 34"4 3405


411 THRU 420 Cq 3407 345u 3451 3452 3453 3454 3455 5456 Z457


Ili, 51RU 3500 35CI 35C2 3503 35V4 3M0 3506 1537 3550 3551


441 THRU 45C 41C4 U1015 ulrb 41G7 4150 4j51 4152 q153 4154 4155


451 THRU 46P 4156 4157 42U 42Al 42G2 42C3 4204 42n5 416 41177


-- 461 THRU 404250 4251 4252 4253 4254 4Z95 4256 4257 431" 4361


481 THRU 90 4494 4Jq55 4356 4351 4400 4401 a4412 44n3 44'14 #4415
49 HU 184 06 4 07 445L q45 4 4453 4454 4455 4456 45


|501 THR 1 450i: 4501 4502 4503 4514 4EC5 U5n6 45P7 455 4551


. . .. . T'HR' -- -- 5..52-"--45 5 3- -4554 - -4555- - 4556- 4ES7 - 511L m1nl 5102 51C3


521 THRU 530 51C4 5105 5106 9107 15 5151 5152 5153 5154 155 

531 THRU 54Z 5156 5157 520u 5201 5202 570!3 2 4 5205 5206 5207 
541 7HRU 55U Pr, 5251 5252 9293 52 4 S455 256 5257 5301 53cl 
...1- H" -- 6=6 S -2- -- 343- -53V4-- 5ns.- 53C6- 53n7 -99-8 1998 2998 3998 
561 THRU 570 4998 1094 2892 7992 4192 5t92 1052 1353 1154 IL55 
/571 THRU 580 1051 9r002 9 04 9001 90113 51t 5 53 54 55


561 THRU 59C 56 57 58 59 60 61 62 63 I 2
 
-Q-HRJ-60 29! 

601 THRU 61L 1L 1G! t02 i03 Ir4 105 116 Ifs7 2nO tl


.611 THRU 62C 2(2 203 204 2n5 ?r6 zr7 3 -f 3c1 392 3,3


621 THRU 63r 3C4 303 306 307 4VC 401 492 413 404 405


r-=-- -6--4,RU -- 64 4P.-- 497 - ; - 501 5P2 -03 5 nl 5P5 5P6 bU7


L 	 . .. 9-- -1 9- - 299 -- t9 - 499 191 301 491 591

S641 THRU 65n 183 184 185 186 187 188 189 19 283 84


•651 	 THRU 66C 285 286 787 288 ?89 29C 83 384 385 386


661 THRU 67C 387 388 389 39' 4S3 1184 485 466 487 488


SINOA/I NFLO7PRCPROCcSSo 
671 THRU 68C 
-­ 1- TH-R4---­ ee. - --
NODE ANALYSIS,.. DIFFUSION 
489 
- -­
q575, 
49C 583 
s51 - 5-352 
ARITHrETIC 
584 585 
535-3- ­ 5354 
C, BOUNDAPY z 
'86 
555 
113, 
587
5356 
TOTAL 
DATE 
588
-3R7 
688 
101775 
589 59 
PAGE 6 
BCD 3CONDUCTOR DAT43-- , 64--,16-5r-d,4-,-3 E--XlI-AL--rCON-D.. 
GEN 4tt, 1700,1,liT,1, 16.3E-SSAXIAL CONDGEN 45 ,1175l,117751,1,16.3E-5 AXIAL COND 
,6EN SC-,7,I 18tfl,18O1, ,16.3E-SSAXIALCOND 
GE 9 4rh--,+844-464r vE ZE SA*146- 44--GEN 600,7,, 19 rOg1,1901,1, 5.24E-SSAXIAL CONDGEN 65 17,I9FC,1,1951,1,S24E-S$AXIAL COND
GEN 70U,7, ,2700,12701,1 ,5.24E-55AXIAL COND 
.... 
-~ ~ 
GEN 80tl1,5.24E-S5AXIAL COND 
SEN 850t771728501,2851* ,5.24E-SSAXIAL CONDGEN 9007,1 29C,1,2901t1.5.2LE-5sAXIAL COND 
C---0­*- SA l-lGEN 1100 . . .1100, Ift11,2q- SXIAL CONO
GE ,15 ,,1150,i,11:1,.24E-5 SAXILCNGEN 115G,7,1,11512,1,1151,15.24E-5 $AXIAL CONDSEN 120 0 ,71,1200,11201,l,5.24E-5 $AXIAL COND 
---­ -
--­
- -­
5 
, IQ I3tT~t t1301;1:5.24E-5 $AXIAL CONEGN '1350,7 ,139 Itl351 1,5:24E-5 $AXIAL COND 
DE 130,7,,AO,1 I 5,24E-5 $AXTAL CON. 
BEN 155D,7,1ISO15Ol1515,1,5.24E-5 SAXIAL CONDSEN 155C,7, 1,SO9,1,1SS1,1,5.24E-5 SAXIAL CONG 
GN.245 SAXIAL CONG 
-X--IAL-C-N­ - -
SEN 220 17,1,2250 ,1,z 1,1,5.24E-S SAXIAL COND 
GEN 2250t7,1,22S0,,2251,1,5,IE-5 SAXIAL CONG 
GEN 230;7,,2190,1,21ao1,zS.24E-S SAXIAL CONE) 
CEN 2 4 , 7 -5. ..... .44 E­ -5 L- CO-ND-
EN 40 0 7 ,1,2 40f ,1245 1 1,5 .24E-5 SAXIAL COND 25,EN2 ,,t450,1,2qs1,1,5.2qE-5 SAXIAL CONGGEN2 50p1,25 11,1,S.z'E-5 SAXIAL COND 
-SA---A --
BEN 3100,7, ,SI, 13111,5.2E-5 SAXIAL CONC 
SEN3150,7,i 1l,3l51,1S.24E-5 SAXIAL COND 
GEN -32tU,7,1,3200,13201,1S.24E-5 SAXIAL COND 
3zsxI 2 SAX-TAL OND 
SE 335 ,7,1,33f0;3301;,15.24E-5 $AXIAL CONDSEN 355,7,,315, 3351 1,.2E-5 SAXIAL COND 
SEN 34E,7,1,34C , 134n1,1,5.24E-5 $AXIAL CONE 
BE ,4
3 5130,7, rl r 1t-'421 r 5 o - -t-AXIAL CON G­ -
- EN 35D,7,1 ,3 3551,1,5.24E-5 SAXIAL COND 
SEN 410O,7,1,410f,14t1,1,S.24E-5 SAXIAL COND
'-44440-T7, 1rJr4 445-r4- 5.444AI GONG---------
GEN 42lfl,7,l,42nr,1,42l,l,.2E-5 SAXIAL CONDGEN 42U714s,,49,,. 
- $AXIAL CONG 
GEN 43fl0,7,1,4zfr,1,4311,1,5.24E.5 $AXIAL COND 
GEN 44a TG7:1,440n IS14441,2:5:2!E-5 SAXIAL CONDGEN 4450,7,1,44101,4451iS.52kC-5 SAXIAL CONGSEN 45C0,7,1,4SC,l,4501,1,S.24E-5 SAXIAL COND 
E- 4 
- fT7 SINDA/SINFLO PSE 	 ROcESoI 	 DATE 7O 	 I1'775 PAGE 
-j_ R 4455 
	 CONGGE 591,2,5.24E-5 $AXIAL 

1,5 li-!,. '-E 5- 4$A*XI AL-0G RDl -

GEN 	 515l 7,,5.2'I-5 	 CONG
5AXIAL 
 
GEN S2rC,7, ,2CD,1,5251,l5.24E-5 SAXIAL CON


GEN 5250,7,15250,1,5251, ,5.24E-. $AXIAL COND
3 4 4NSit v 5 C 1,+u E 5 $AXIALCON--

GEN 2006,7,lrlCoo, ,loflI, 1'49E6 SAXIAL COND

20130EN72DG120, 21,1-,4 49E6 SAXIAL CONG


GEN 30,1,3COD,1,O00,1,4.49E-& SAXIAL COND


GENW+I0 ,-1t0h-4e 1,-,49E-6-iA-Ah--GND----------

GEN 5 500 O 4,1,4.49E-6 %AXIAL CONG
F, EN r 5- SAXIAL COND 
GEN 2050,7,1I2r 1 4,'4.49E-6 SAXIAL COND 
- ---1- , as- 4.49E iI-OO---------- -	 -
GEN 	 1299,5' DE,183 Inls,
 SEND COND
S 	 51,0,C.o0

GEN 	 52,3,,1 1,flA3,1,.C0253 SDRUH COND


51,1051,1052,.flGl3q SORUM COND


GEN 525. 1 *DC529 $SIDE COND


-4R"-'-" 7 '1 3,9- SSIGE CONO


[ ;GEN'35t8,xkS4-c 5 4 I107 5' 539 %SIDE COND~ 	 COMO-
GEN 25,1 	 2 SSINE CONG


S E 	 57,11 ,,9,.152 SFIN CONO


SEN 625,8,15i,.2 SFIN COND


, r-BEN-- s.--IFTN 	 - -- -CON-D--

SEN 	71 2 270,1,.152 sFIN CONG

[t.E 	 p $FSPINCONG ­

,SE6N O275S*1,28C ,1, .152 $
SFIN CON


S 2EN925 1152 
 $FIN COND
81,29rD 295, 

GEN 	 1125,,1,1IOC,15fl,1,.152 	 $FIN CONG


GEN 	 1t5518 1 55L2 .152 SFIN COND


EN 2125s , 15,I .152 SFIN CONDSEN 	 2175, , 20,1,.152 SFIN COND


- . EN"2275,2 122535fL,230,1,.
'1SSINCG
GE1 425,1,245, a .152 SFIN CONG4	 2 4 1
GEN-f258ra.,4,1V&tt, 5- ,,.452
0 	 	 SFN COND--

EN 2525 ,81,SO ,25 ,1 .152 SFIN COND

SEN 	 3125,8,1,310:1,5. 15,.92 SFIN COND
GEN 3175 81,2150,32 ,!52 $FIN COND


-- G N r S kr & 9 r 1 , + 5 - -rr 5- - . . . . .- S FI----O N O . . .. - .-

GEN 	 3f7584I3250 4330,lt.152 SFIN CONG


GEN 	 3375,8,1335 0,1, 450C,1,452 $FIN COND


GEN 	 3425,s.,4 1345:,.152 $FIN COND


G- ­

I 
SINDA/SINFLO PREPROCESSOR 
GEN 34 75 L,34s0,,35 C,1,.152 $FIN COND 
DATE 101775 PAGE 8 
BEN 0125,011:4150,1,.152
EN 175 150,1 42nC,1,.152 
SEN 1225,, 425C,1,.152 
6 4142--r 
GEN 4375,2:1,435011,440,9,.152 
BEN 4425.8,10400 445i,2,.152
S lEN,.l52 
-GE-4 
SFIN COND 
SFIN COND 
SFIN COND 
S-F N--.... 
SFIN COND 
SFIN COND 
SFIN COND 
SEN 5125 
GEN 5l75,
BEN 5225 
l,.152 
S,520q, 1,.52I
15200, 525 l.152 
SFIN COND 
CON 
SFIN COND 
BEEN gs,.2i950
GEN I 'a75+ . 1110N 109 ,;0950
SEN 325.8.&I 13 1COlo,'11.0950 
GE-,-J 1, -SEN 1575,2 1,.950
GEN 2625 
SEN 2325,1,230C,1,209l,-,.095r 
STUBE COND 
STUBE COND 
STUBE COND 
..-.- ----
STUBE COND 
$.0950STUBE CON 
STUBE COND 
----­ . . . -­ -.. - - . I 
GEN a575S8,1,2s5C,1.39 .­1,.6696 
BEN 307S8' "390~1 A950 
GEN3325 ,B1' 3cos ,1,.0950SE'N-- Z m - ar ~ 
STUBE COND 
STUBE CONO $TUBE CON.VTAO-GOND-­........................... .. -
SEN 35751,1,SC,4C0jC,1,.295C
BEN 4u2518,1,'I 0,14CC,1 *950 
SEN 4325,8,1,430,l 4G-9C,-,.r95C 
STUBE CONG 
STUBE COND 
STUBE COND 
BEN 575,8, SU0 
GEN 5cc,15090-IC950NEN_2 I8,1I30f 
5O90 - t9c50 
t fi1,,950 
STUBE CONGSTUBE CONG 
STUBE COND 
GEN 799, 99, 1 o,98,IGCOI*3GQ 
GEN 1399 5,1000 1L91,l0rD,1C92,1CLO,.30t 
GEN 899,S11003,5,Q999,1000,9.E-6 
SMANIFOLD COND 
SANIFOLD COND 
SMANIFOLD COND 
9ZN . 4.49E-6 SMANIFOLD COND 
END 
6 SMANIFOLD COND 
RELATIVE CONDUCTOR NUMBERS ACTUAL CONDUCTOR NUMPERS 
--
I­ -
-
I THRU IL 35L 351 3s5 353 954 
~-H'u---------2 3------4 a!------AZS--­ - 40 -­ 45.­
21 THRU 3D 456 50U 51 502 50331 TNRJU 4 552 553 554 555 556 
41 THRU 5, 605 606 65u 651 652 
-51 TMP4I------­ -40­A;7.42-----1­ -43----4ke'i4- ZP1S61 THRU 7E 754 755 75. 8. 8q1
71 THRU aC 85, 851 852 853 854 
81 THRU 9u 9C4 9J4 9L5 906 95cN- Irt:R11 -404 -9llS1 W-1 ­101 THR U i l o 11 52 11 5 3 1 5 4 115 5 1156 
III THRU 12 3. 12 CS 12 6 125 1, 1251 1252 
121 THRU 13, 131 1303 1304 13'5 
255 
--­ 1-­
504 
60r 
653 
-706 
822 
055 
951
-104 -I -PC 125 3 
1206 
356 
-4-S-2-­
5P5 
601 
654 
- 750 
8'3 
856 
952 
14fl5S­12 1 125 4 
135U 
qrC 'fl 
453 .----454 
5n6 55)
6P2 603 
655 656 
751 - 752­
8"4 805 
9nf, 901 
953 954tl.6 USC12 2 1 2 3 1255 1256 
1351 1352 
4L2 
4-55 
551 
664 
701 
753 
8U6 
902 
955115112 04 I1icj 
1Z53 
--
REPRODUCIBILITY OF THE


ORIGINAL PAGE IS POOR


,L--- 5NDA/SINFLO PRPOCSR DATE 101775 PACE 9 
, 
(7_. 
I 
'131 THRU 
551 TH 
161 THRU 
171 THRU 
S91,THR 
0 TR 
,2 THRU 
14C 1354 ,1355 1356 1400 
I4 IR ----I5E­ . .~rJ --q 2 - --­1 -5-1-­
161 15r3 15n1 4 A55 15r6 
17 0 IZ56 21 j 2101 21912 
18L 2152 2 15a 2154 2155 
-­ 2 Z7--8-­---­ ,£=----, 2 80----2-5 r-- Z25 k ­
20 2301 2302 2303 2 3C4 
10 2354 ,Z3SB 23556 24UL 
322 245C 2451 '2452 2453 
-- 
14C1 
145 
15= 
21 13 
?156 
22%-Z­
23115 
24,11 
2454 
-
1Ur2 
1455 
i 1 
2104 
2 0 C 
2i 53 
22PI, 
2402 
21155 
14 3 
-1456­
1552 
7115 
22,1
Z254­
2350 
2403 
7456 
W4:4 
1541n 
15q3 
2I136 
22C2 
22-5 
2351 
24114 
25'0 
14,CI 
151-1 
t 554I 
2 15 1: 
220 3 
2256 
2352 
24n5 
2501 
14 6 
1502 
1555 
2151 
P l4 
2 340 
2353 
2406 
2552 
S241 
231 
251 
THRU 
THRU 
THRU 
248 
25c; 
260 
2556 
3152 
32C5 
31clu 
3153 
321!6 
3110 
3154 
325L 
31 z 
3155 
3251 
31r3 
3156 
3252 
3104 
j=rLO
3253 
z 5 
32,11 
3254 
31106 
3202 
3255 
15L, 
3263 
3256 
3151 
3,04 
3300 
, 
p -. 
\ 
7 
8 
9 
TR' 8 
TR *29 
,HU',¢ 0 
. 
,• 
/>?, 
3354 3355 
345t'-, 3451 
03;"35r,4 
- 3356 
14,3452 
3505 
"3405 
3453 
3506 , 
34?1 
3454 
3550 
3402 
3455 
3551 
3413 
3456 
3552 
3404 
3511L, 
3553 
3405 
3501 
3554 
34C6 
5C2 
3555 
.p,'% 
311 fi H6U2 
3Z1 THRU 330 
331 THRU 3413 
:•'R," I,-3.,.q. G.'5 
fp.,31%Ra - , 
i% 6,THRU , V370T j53
tMJ 3 TR B 
4152 4153 4154 
4205 42q6 4250 
43CI 4302 4303 
4 -5- -4-3-5 5 -,--4.63 % 
( 4450 4451' 445Z 
T 450 4505 
P;,,,'456, 5100 s5ic1 
4155 
41251 
43n4 
4453 
,4506
5102 
4156 
4257 
43C5 
,4431­
,4454 
.'4550 
SI513 
42rO 
4253 
43P6 
-4455 
445 
4551 
510l4 
4201 
4254 
435u 
45 
4552 
5105 
421 2 42113 
4255 4256 
4351 4352 
4-5n45--­445 
5I 51 
4553 4554 
4106 5150 
4204 
43OU 
4353 
44506 
4L 
4555 
5151 
•4V1 
391 
411 
THRU 
THRU 
THRU 
4JO 
4 r 
420 
5265 
53CI 
1004 
5206 
53112 
1 Qrb 
52511 
9303 
1006 
5251 
53114 
2041w 
5252 
53rl5 
2eni 
5453 
5306 
2EV2 
5254 
l~nn 
2 03 
5255 
1091 
?V04 
525& 
TC12 
23E15 
530rg
iU03 
2006 
.* 
I 
• % 
Ilg31 
,';,4 
5 
THRU 
~SRU 
HU 
,4'0 
B 
&.*t. 
004 
506 •1050 
2052 2U53 
-,-BcrjE40 
Ir4 
2c54 
4006-3 
ICJ52 
205 
5000le 
1053 
21356 
-5C-6 
It54 
3c55 
54L& 
1055 
3051 
5003 
1056 
31352 
4001 
2r5l 
3C53 
4w02 
2051 
31354 
. 481 
491 
47 
THRU 
THRU 
HU 4b5051 
490 
Son 
5VV7 
5199 
5052 
1049 
52 
5Z54 
2C49 
53 
5054 
3C49 
5q 
5055 
41149 
51 
5"56 
5 49 
55 
IC07 
In99 
325 
2,l7 
21 99 
326 
3C 7 
3C99 
327 
4.07 
4 i9 9 
j28 
I. I*' /01 HRU' O " ,,520( '* . 21 HRUW 53,521 5312
"'531 THRU '54U 
, x ---­ +'--THRlf -­ ' 
551 THRU 560 
561 THRU 570 
571 THRU 58L 
r- -=-T------S&I­-THR4.­ 596-a 
, ' 591 THRU 6,,6 
A l Tr 0 HRU H B,| 11THR - 6M0 
L1I 1--62 3L­
631 THRU 64r 
641 THRU 65L 
651 THRU 66,&6-­ 1­-T-44RU -­ 67G­S67-i, THRU 7681) 
S681 THRU t,90,
-691 THRU In0 
381 382' 425 -426 427 
q5; 7,47 7 479475 476' 47577 
527 526 529 530 531 
57-9­ -. . 5-8e --­ - -S2r­ &LIS 
61i 03d 575 676 677 
725 726 727 728 729 
777 778 779 , 78C 781 
-9-­ -Si-5L­.. b -&32... -­
8"81 SU88l 925 / 92. 927 
11JS '3II 5 "126 , 1127 F 1128 11 91177 T17 8 1179 1180 
1229---­ - --­ - M-­ --4?75 
1281 1282 1375 1376 1377 
1425 1426 1427 1426 1429 
1477 1478 1479 148' 1481 
!5"Q 9"­ s i---- 4-E; - 43 -­ 21?r"2131 2132 2175 2176 2177 
2225 2226 2227 2228 2729 
2277 7278 2279 228L 2281 
428 
808 3 
-&-26­
678 
73u 
782 
876­
928 
IM3 
1£76 
t!78 
I43(' 
1492 
-2!762175 
2230 
22S2 
4?9 
481 
57 
. 6?94 
679 
731 
825 
- 77 
929113112 
-1277 
1379 
1431 
1525 
2 1272179 
2231 
?375 
43C 
482 
56 
698 
58Q
732 
826 
-­ 8713 
9301132 
26 
- 1278 
!3 n 
1432 
1528 
pi"8218f0 
17!2 
737. 
431 
525 
S7 
- .29 
681 
775 
827 
879 
9311171Zin8!12 
1279 
t35! 
1475 
1527 
2t29?181 
2275 
2377 
432 
5652658 
63tj 
o82 
776 
828 
8 
932106 
11228 
1281 
1382 
1476 
1 2. 
?1332182 
?276 
7378 
E-1 
-- ----
SINOA/SINFLO PREPROCESSOR PATL 11775 PACE ir


701 THRU 710 
 2379 238tj 2381 2382 2425 426 247 24'8 2429 243u
7-- --RU-- -42s 
7 	 84-1+- - 243-2- -2-75-- - 447& -477 - 2478 2479 2440 2481 2482721 THRU 73L 2525 2526 2527 ?52d Z 29 ? 311 531 '532 3125 3126

731 	 THRU 746 3127 3128 3129 313' 3131 3132 
 3175 3176 3177 3178


741 THRU 75J 3179 318u 3181 3182 3225 3Z26 32'7 '228 3229 Z23 
45 ---- HRU- -- 31 --2 -- 3275 - 327-6 - -3277 -3278- 3279 - 3241 3281 3a2761 THRU 770 
 3375 3376 3377 3378 3379 3280 3381 3382 3425 3426
771 THRU 780 3427 3428 3429 343. 3431 3432 ?475 3476 3477 3478


- 781 THRU 790 3479 348L 3481 3482 3525 526 3527 3528 3529 3530 

RU61- -1 ---- 4-54-2-- --412S- -- 12 	 -41 -7- ~ A-112-29- - "1Z, -- 41-31 4132801 	 THRU 810 4175 
 4176 4177 4178 4179 4180 4181 4182 4225 4226
811 	 THRU 820 4227 4228 4229 423L 4231 4232 4275 4276 4277 4278
821 	 THRU 830 4279 428(L 4281 4282 4375 4376 4377 4378 4379 4380 
TID- I '-8-1---43- 'I'd 42--4442t--4427_ - - -' 4 2O9 - -443t1 - 4431 4432­"-~ A4~28­4 - 841 THRU 85Q 4475 4476 4477 4476 4479 4480 4481 4482 4525 4526851 THRU' 860 
 45'7 4528 4529 4530 4531 4532 5125 5126 5127 5128
861 THRU 870 5129 513U 5131 5132 5175 5376 5177 5178 5179 80 
881 Tjmi---89--- - -'-8- -- 1 A2----a-2& - -5 26--- a-2 27 - 922-8-- -52-2 9 - - '241- -52-31- - 5-232881 	 THRU 890 5275 5276 5277 5278 5279 52SC 5281 
 5282 975 976
891 	 THRU 9"L 977 978 979 98U 
 981 982 1075 1076 !C77 Ib78
901 THRU 91 I179 1C80 1a81 IC82 1325 1226 1327 1328 1329 1330


..-.-... 1-T1 TU-U 920 ......-1 33j---- ----- 12--- e- - I P27--- -1,2&-- 412- 4;3- -1031 lu32­921, 	 TERU 9$1 1575 1576 1577 1578 1579 
 1583 1581 1582 2025 2026
V 931 THRU '940, 2027 2026 2C29 203k 2031 2E32 2325 2326 2327 2328
941 	 THRU 95 2329 
 233G 2371 2332 2075 2C76 27 208 2-679 2u68 
961 THRU 97b 3075 3076 3C77 3u78 3079 3r18 3081 7182 3325 3a26
971 	 THRU 980 3327 3328 3329 333L, 3331 
 3332 3025 30?6 3C27 3028
981 THRU 99U 
 :029 303, 3031 3034 3575 3576 3577 3578 3579 358d


- ~ -91T4V-11110-------1-p 
-58 -4- -26----452e - IK'-7-2 8- -- 4434----- 4t31 --- 4t32- ­~ lb -4029 

- 101 THRU 101 '4325 4326 4327 4328 4329 4330 4331 4332 4075 'U76I 	 O11 TI-RU 1020 4077 4078 4079 4380 4V81 4'82 4575 4576 4577 4578
1021- THRU iC30 4579 4580 4581 4582 5n75 5C76 5077 5078 5079 5080 
031-9---
-- 646--- 53-27- - -5----5329 -9334 - 53,31- -53321041 THRU 105L S'75 5U26 5027 EC28 9029 53C ..
31 532 799 1799
1051 THRU 1060 2799 3799 4799 1399 2399 3399 U399 5399 899 1899
1061 THRU 1073 2899 3899 4899 1299
9 9	 2290 3299 4299 5299 999 1999
1 if"99----

CQNDqCTOft ANALYSJ... LINEAR 1r78, RADIATION 0, TOTAL z 1078, CONNECTIONS 1078 

BCD 3FLOW DATA 

GC=6.0042E10,CP=AA,4 OrA5,MU:AbKT=ATMPASS!,HzA8 

TOL%.C1 MXPASS=IbC,FRDX:.7,P(4):D.,END
 
.. 
--- 9--- --- 11-"- -2199 34-q9 - - 41-99- 519-9--- - ­
4
1,2,3z( 9,999 ,1071G7) f183,1t3,191,1u0i),END


______- -- ,
4
-r3 Z4~l.9~r1 9'~ 9,247-4044 r- 2-8 3-448 3,----4494 .,3­3-,3'( 99,a99qc7,3,r7), (383,3083,391,3091) END	 ----­
4,2,3r(399,399ot407,4057), (483,4r87,491,4091 1END


-5­
2
-,3=( 4 99,4999,507,5007, (583,5083,591,5091),END


END


BCD 3FLUID LUMP DATA


-~&Z - -7 	 2 72.--1- -i--	 X164199,207 "1283 	 R1 299,3,7),1 83,391),(399,407),(483,491)

591, 9499 1c
,7,'583 

,TE3* SINOA/SINFLO PREPROCESSOR DATE 1"1775 PAGE 
' -CO-ae­3. L-&O e T--SO C---DT 
1,AlEND 
END 
BCD 3END FLOW DATA 
TIMEND ,5- S 
DTInEI DO' 
-NLOflPIO'9RK.eA­ - -S 
ARLXCA,.Cl S 
OUTPUT,.C5 s 
E ,10.2 
-
5 
-­ -
4S C O OL 15 
"" -15, •, •343.j -t 3 I~-­ - - 1G' •, .363 -5"- - IE -­ •38 ' 8.3,5 50.- - 15 .,4- - 100.*O- ~ ,S4.7- - -­ - - - - - - - - -
159 ,. 20. , 1.f END 
7 S CONDUCTIVITY COOLANOL 5 
-i ,c34 3T51 0). 36J3*,T-5. ,3 .,4.T3 ,67.,ST54,2.,649 
12,. 
.T632,2, 12,,END 
5,.02,1.0, r2, .iO,.67,.67,.67,.67,.67,.67,.67,.67,END 
" 
LZ24­-
-
'56,T63 .,.O,2,-r T63,TS,0 . 
. 'T63,*T*751.L28 *T63 *TS3, O6, T63,*752.057,*T63,4TSI,.869 
:Sr 62-r*­4 -59, e.-rZTie-, *-T-SS ,140-­
*T62 57 Q.,*T62,*T56,.02,4T62,*T55,U.,*T62,*T54,.228 
*T62,*Ts3:0.C2 *T6-' *T52 C57 *T62 cTb],.89G,*T61,*T62 l. 
*T6a,*Ts9;~,+i*s,;*6aT4,.,lT1,T56, .02,*T61,*TC5dl.n 
4T60,*Ts4;.iK2S4*+ *5, 2, 327T6t:5T62*T1,4 0 
*TS9,*T5ST.,*TS9 :T9,*T56? .,*TS9,*TSSU T T540 
4TS8,*TSS,C.,* TS8,T54,41S ,*T58,T5 3_J. ,*TS8,*T52, .05 ,*TSS,*TSI, .6*TS7,*T56,P. * 7 * 5T57 *T54 n. *T57 *IT53 nP5 *T57 *T52 .2 
-I *TS4,*T53,.'2.54~T~TSZ T5I;37C::7T5 .0S,"T54,*TS1,.7,*T53,*T52, .2 1 END 
, -q 
--
SINDA/SINF'LO PREPR'OCESSOR 
 
16,'X19tf2,17.S7,END 
-- -­

- -1-f *-GM3l-,74-,E-ND­

18,*T9'2tC4,?.649 END 
2*4404.r.026 rT71 r28*TI&xN*25,l7L3.D 
4TITC, .	 216,T76,.r 
.0156,T175, 156*T7, .L15
 
*T1804,* 2156,*T1S.1S, .02156,*T1SV6,.21S6,*TSI1T,.0216l,END

2a4-,*-T-16,51t -.O 2	 16,446-10-4 1-6 5~-2)~ as eS.6-,-*T 63- ~,2 

---- -*T1651,.0h56,*T 65b,.-21S6,'*T16S6,.flt156,*TIbS7,.'32156

*17Sf,.02156,*T17s1,.C21s ,4T1752,.aa1s6,*T:75z,.rz1E6

*T11SLI,.D21S6,*T1755, ."216 *T1756, .2156,*TI797,.Q2156,END


23,T52.55*15,39,N

24.*T190O .0198,*TI901 M1~98,*T195r, .i9A *T1951,,ni9s 
- --- *2700,Ml8,*T 701,.Ciog,*T27 0,,c19a,*T 7S1,.U1 s 
*TIOG.18,*189,.1Allf f,.C198,*TL1O1,.u198


4T14C,.1 ,O98,*Tlfl,.19
08*T1SI,.l19,*T1SL
Yt t 15.s19 	 1 019 
*71:3sgg.CI98,*Tj 11,rjg, 	Tjqfl',.fl96,*TjqCj 
 .0
 
I ~ 	 2T150,.U198 I*T21SO1,.19fl,*TlS .198,*TISS1,.n198


T25Cj,.0198,T21S1,.l(s,4 rI,.19b,*T22C11,.b 98
I 
*T20.9D,.0198,*T2O8Q,.CI98,*T23 O,.C 98,*T23S1,..198 
F71 ___* T200,.(3198, 250 . 9T*2550,ttrSt l V98
*13090.018,T309, 98,* 31n0,.019L,*T3101, .'2198

~"fl1SQ.D18,43 1,.098,*T 2O19,T21 09---------------

*T00,.C98,*3J~,.r98,*TZ33S,.U19S,4T33S1,.Ll98


*T3400;'0198,*T3Ls01,.n98,*T34SC,.G198,*T3451,UI98

*T35t3C,.0198,*T350,:.'f198,*T3550,.u196,4T3551,.fU198


-* T.*c4,14s,;4)419R,4T4atL.49,*T41rfl WM4-8---­
~~ *T41S : :n198 ,sT4I151, .0 198 ,*T42CIO,.01598vT4201,.UI98 
*T4250,098,*Tt2Sl,.&198,*T4spri,.198,*T4361,.6198

*T409, .0198,*TL~r89,.o198,*T435GO,119f,*T4351,.0198


*T4CU, .ZI98,*T4S01,.:19R,*T4556,.rl9,1 Tq553 , .l9P 
*T35.0198,C~g*TS1,.l!qq,*T51-12 *r198,*TS~I21,.L198


S 44rT $4,-..419P-*T-S30r.4UU ,*4-3 0.4 9-8 ­
*7500),.C 98 *T5CL',.C±9~ END 
25,*T1902 *r99*T1903,.ei98 *71952 .L198*Tl9q3,.C19a
*Tifl02,.t19M,OTI f3,.,),19A,*Tl552 'Djd,*TlqiS3,.t198

*4ZC,.t-94,*z24U7,-.19-.8, *T2752;:-9-&fl,.T27S -53 o1-98 ­
*T28Ij2, n198,*T28c3,..J98,*T'SS2,.,'198,*~T2853,.L19S

*T29a2,.r1,
lsT29L3,.LIq,3,4T29s2,.1qa,*T?-osz,198


*TflB,.r198, TJLua7, .riSR,*T1112,,19S,*TIL3, .~198


*1252,.:C198,*T1253,.019%*T1Z"2,.C198,*Tflc3,.0198

*T1352,.C1l98,*T1353.fllSS,*T14' 2,t193,4T14C3,.Lj198

*T1452,.C198,*Tl4S3,.C19P,*T15t2, .,198,*115Z3,.L198


E - 0 
DATL 1n177S PAGE 12 
- - -- --
- - --
-- 
S NDA/SINFLO PREPROCESSOR 
 
*TfC,.198,*~lA .O9,T12 198,l0T21C3,.t198

C+9 &-.49 Per1x , -*T2-e.* 19.2r,&1&rT2153r 
 
*T22.r±9a,*T2253,.Cl98,*y23 2,.a1,*T23C3,.u198


*2ns8 L198 ,*T2r58, ra'9, *TZS 52,. '198, *T2353;, I198 
2402,.t1198,T2'42, 0 11'*~ ,fl8*25,C9 
-------*-lt-02rb61-9t0-*25-0 rO-t9 8-y eb -K9'Oi8-i*T r~ 18 
-- -________ 
-.-25 ---
F-~~~ 
T3n8,.18*Ta7.19a*T1 3 98,4T31C3,.0198


*T12.0198,*T3153,.Z1O8,*T32 2,.1198 *T32C3,.O198

~T25Z,.0198,*T3253,.11198,*T33' .aU96,*T3,.1s---­

.8 ."T-fr3* Ct19-6 "T35-53-, r2:8

4T~qOn T,465,:L198,*T3'f52,.1198,*T3q53,.198

*TSS2,.0198,*'T35r3,.,'198,*T3552,.t198,*T'3553,.U198


*T02c09,fl.,r98,4T4102,.0198,*T'4IO:,.u108


1T2298~45,C9S *T43)02 .rlcA,4T"303,.01,98


MT'1O88,. 01981*T0t f:198 ,*T'5 .019 8,*T#353, .0198


*TqjO,.19',*4#3,.19,4T44 Gl.098
,*T4453,.U198
5 5 3
 

*Tert9r5459rPT +4r* r0+-9&r4T4 neI9 -------­
*TSC8S, *0198,*T5G87, * r8, *TS1C2 , . C98 , 4TS 3, * 1198 
*TS152,.-V198,*TS1S,.t198,@T5212,.0198,*TSZC3,.C'198


*T52S2,.C108,*T2523,,flI98,*OT53'2,. 198,T53C3,.cl19P 
4T-Sri-rtlh . -6~t198TI-r*N------ ------

26 ,#T1O0l;.O19O,*T19O5,flI198i*T1954i*u198 *T1955 n1U98


UTtL,. IqS,*T1005,.0298,4T54,.0j 98,*TiESS,.0I98


*2704, . 198, TZ 705, .1198, *T27 54, .U198 ,*T2 155,.O198
Y*rS-~-TI ;t 193T2 8'r.t9,TtS5rf-98 
 
T20,.198* 29,5, .98 *T2954,.19,2955,.L198

3T06.COTO8S, .L198*T1lC4,.L1"QS,4TliOs,.0198


*T1154,C19,T1155,.OI98,*T12O4,.I 198,4T1ZOS,.U198


T1, 9 .093,*T1544,.0. 98,*TItSS.98 
_T28_Z O98,T285.r98,*TIS,54,.r198,*T235,u1Q8
T2404 G09,'Zf5 .fl98,*T25,C98
.l93 *T245j4, 
 
*li*019,11 5Tu,.18*31, 9,T321f5,.019


*T324, 4325 ' 
 41,4T34,. a09,*T35,­419, .,98­4On8, B4T3OZ4, *1-9A r*T236r.LC9&t* -33-s'i*98 ­
.23408,.918,*T34CS,.O1q8,*T 3S4,.fl198,T35S,.d198


24054,.flG, T35A, .18*T3S54,Z,98,*T3S5, ..c98


3T'08(. 85, .flqa,tTIC4,fl.U9 
.C98*T 3-T105,.0198
 
7 5 1

~~*45,.09,TZ5,.b198,*T3134,.G SS* 3P S,, 98 
*THr6 .G TSTs3325895,1j98,*T31'4,.O
*"9S, -T315,.t198

*14,g C~,TF1.30 '19 8,*-r5332 C *TS2 
 5,. 9S84, .0 

,

*T3404,.*Q18,4T5255, .Q98,4TSZ4,.C1 98,*SC,.UA98

35---T&04,-r.08 4T5 ,.098,*T3ND-- - -- 551.1 
*'254.019o6j.1*T19C7.fl98*T19S,. 6;.T39&r98f1


4T206,.r198,*T2707, a 198,*T2Th, .198,*T265,.0198


SV86,.G198,ET
'^8


CATE lr17?e PAGE 13 
-
s.INA/SINFLO PREPROCESSOR 
 DATE l1l775 PAGE 14

*T28C6,C1Ia8 	 .T207 ,.Oa89*T256,.O98,*T 2 857,.0198 
'T084,..198,4T1C$3C198,*T!fl6,o* 18*T11C7, .C19q
*T-156,.r198,*T1157.f198,T12'6,.t'IR9S*T12C7.98

*T1256,.Clo8,*T12,57.o198,T13r6,.o198g*T13r7,.0198


*T14S6, T q57,s9
119.8R T5r,6, G1.98,*T157,.098 
L. -- ---*-24S- :098*T 4 57,. R3l~A9S*2.37 G48 --­

*T2 86,.D198,T283o,.2198,4T2356,.olaT2357,.±98 

4T2506,.C198,*T2507,.0198'T,.rqBT2557,.U198


- - T3TZ6 .C198, T3157,, T3256 ,.dI98lqTy2 7 .0198


*T3256,.C198*T3257t°OB,*T2356,.r 98 T357,.0198


g~. 98*3157 .DI98,'*T3356,.0198,*T33S7,i0198
T30O6. T3 98,*T3007 .0 98,T3356,.O 98,*T3357:*0198


*T35U6,.Z198,*T3507,.C198,*T35,.198T3557,.L98


*T4006 .0198,*T4007,.0198, T 6r6..I 0 &,*T41L7,.O98

*T4156,.27,. 98,T426,.o 19tT4207,..198


*TI84,198,*T4.083,T0198,*T46,, '.O9I8*4T'7,.0198 
_____ *T44C6.: 819*T9 4 7.: .4556T 98 T4457.0198 
*TS156,.C198,*T 257,.019R,45 9,.cgs*T5207,.c1qp


___________*Tg0C6,.C198,4T5007,.Q198,*T-051,.233,END


, r4 	 0 , ' 
ARRIA ANALYSIS... NUMBER OF ARRAYS ± 25 TOTAL LENGTH Z1594 
TUBE NUMBER LIST


1 2 3 4 6 7 
 7


1 3 4 
 '


BCO 3EXECUTION
L 
2
DIMENSION X(IOQO) F


F
NTH= 

RESET


CRVINT(A4,A8)


GENOUT(A8+l 
 tA8,3HOA8)


FLOSOL
I TEST: I' F 
ITEST:± 
 F


CNBACK


END


-BRCD 3t4-AR-4A8-UES-1 -- ­IF(ITEST.EO.1) CALL RADIR(AlC,.171'E-8,-46L.) 	 - v

T535L,=T355t H


T5351=T3551 
 M


REPRODUOBILITY OF THE


ORIGINAL PAGE IS POOR


SINDA/SINFLO PREPROCESSOR 
Ig­ T5352=-355? 
T5354rT3554 
T5355=T3555 
T5356:T3556 
-I47-5V-66T-355-, -­" ' ,END " 
'BCD WZVAIABLES,2
FLOSOL' 
END 
BCD 30UTPUT CALLS 
TPRNTF-T-­
, 
-­ r---n--R*Ni---{4 -­+ ... . ..... 
Ht 
m 
V 
DATE l"1775 PAGE 15 
- ADDP ECO2-V55008*SINFLO.PROC 
L "" . . . 
[­ - ­ -­ -
SYSTEMS IMPROVED' NUMFRICAL DIFFERENCING ANALYZEP 
SOFT TUBE INFLATABLE RADIATOR 
IR CROSS RADIATION DATA 
- - - SINDA - UNIVAC-I108 FORTRAN-V VERSION PAGE 58 
-~SURFACe DATA' 9 
-- NWMBER -OF 4UR-A 
SUqFACE NUMBER 
e­ --­ 4---.... .. 
SURFACF AREA 
. ...-.......... 
NUMBER OF NODES 
'-~T------­ -
___________54 
-~~~ 
-
--'--­-S*-­ ------.­4­52 17.S7G3flS3 2.67400' 
2.649001 
56 .34500 
57 .34500 
59 .71900 
"3 -­ . .. .-}-,-­ -¢ . 6 12490 SA 61 2.49500 
62 2 .495... 
-­
- - --­ 7-296-9; 
.... 
. -­
-­
......-­
16 
16 
2 
- -. . .. .2 - ..­126 126 
126 
- 27 
.. .... 
.......... 
-­ -
--... 
...... 
... ....-. 
...... 
-
.... 
- - - - - -
-
SUR 9A CE-E-4-S 
62. 
I V4-I-----& 
~#Lhss±s._7 j~gflDnn-'..2t00-Oj67~0OIO2 .6700C4GO *.f00001+0Q'.67000UIO .2ULOD-U2.DO1D .7~+0.7O~fl.7Vtf6CtO 60LO 6CRtn 6000.7 ,1 600O0 
SURFACE REFLECTIVITY DATA 
- 330 t+OQ .330110+c0 .331100 D ' . + .730CO--0 
-
SURFACE CONNECTION DATA 
-­ fRe N-$ ; R$ ...--- ST-0-F A .--------­ -- AC -R­ . .... . . . ..­
- . .. 
6"62 
63 Smo-­
-63.66363 
63
,-63 
6363 
63 
-
61r. 
S95A 
57
-5&­
5554 
53 
.. . 
-
a01 
o nt~f­. 
,.2nLO-01 
* 30O
.WtO-l'1. 
rnOlcu
.280ci-o1 
,6nq~jD-t%2 
. .. 
-... 
-
--
II 
63 52 .5730 0- 1 
62 61 
__­ _ 
4 
62 
&2---r 
62 
62 
59 
-­ 8 -
57 
-- E44 
jc IOU 
.­ f- 6&Yis-E-0-Q 
62 
62 
61 
51 
-Ow 
59 
- -
.5700
.890lU +C 
-rba6E& -­ -----­ - - - -
4) " 
0-1


REPRODUCIBILITY OF THb 
PRIM3hAL PAGE IS POOR 
SYSTEMS IMPROVED NUMERICAL DIFFERENCING ANALYZER - - - SIA - UNIVAc-l1r8 FORTRAN-V VERSION PAGE 59 
SOFT TUBE INFLATABLE 
61 
G1 
RADIATOR 
58 
57 
,OrLCL
.CsfOLO 
61 
61 
61 
54 
53 
51 
.4310-l 
* lolto-g2 
88­ +OB 
6060 5958oOB ,fOUOC 
60 
6n 
6a 
56 
s 
54 
*zO2fO-oi 
,3cnDrlo 
.13250+no 
60 
51 
52 
51 
58 
.3275C+' 
*q9flou+(CL
*UdlCO 
-----­
59 
59 
59 
S-9-----­
59 
5958 
56 
55 
54 
-­
52 
51 
57 
-
.CO:Of 
.nloca 
.f000 
---.iln{e-­
,lc"c
.SorOO, c 
* JqtL 
- - -­
- -
58 
me54
*58 
--­ 8--­ -­ -
55 
53 
-­51Sl . .. 
*OQCCO
.50tIO-0
.OE 
O-­
.6fO~+ro l­ - - --­ -
- -­
....-. 
- --­ -. --­ -
57 
57 
67 
57 
57 
57 
66 -
56 
56 
56 
5-6 
55 
ss 
5552.0C 
- - -
56 
55 
S-­54­ -
53 
52 
52 
-55--­ -­
54 
53 
52 
.5.1 --­ --­
5q 
53 
.O 
lo'l~uC 
-$fl -14-­
.5o co-Ol 
*2,i11OO+rO 
.750O+CO 
.1OUG-.­
.59OC-Ul 
.230C+CL 
1.OAOr;v r 
.SnncO+aO 
- - -­ - -­ - - - - -
SYSTEMS IMPROVED NUMERICAL DIFFERENCING ANALYZER - - - SINDA - - - UNIVAC-11r8 FOPTRAN-V VERSION PAGF 60 
SOFT TUBE INFLATABLE RADIATOR54 
54 
53 
52 
.sriL.O-D1 
5o9 Ei­0 1 
* 
53 
53 
52 
52 
51 
51 
,2 0DD+0O 
.7ngCC+O
.7000U+00 
NODE DATA 
SURFACE NODE AREA NODE AREA NODE AREA NODE AREA 
-------....... 
, 
52 9rc2 
53 9 03 
54 9r04 
55 19 
4995 
56 170a, 
1704 
---­
1804 
57 1650 
1654 
-175­
1754 
58 1n54 
59 IC52 
G 2700 
28D02930 
-­ 1t-rg&
145" 
1200 
1300 
- 15D 
2n00 
2151 
..-­ 225 t 
2Z90 
2400 
250c 
.........-­- -
17.57LOD 
2.67400 
2.64900 
-GC--­ -19'96­ - -rDOa&G 
.0360 
.02156 17i .02156 
.02156 1705 .02156 
1--6&--1-8L­-&-1&---lt9-­ t2 1­
.02156 1805 .0 156 
.02156 1651 .r2156 Q22156 1655 EP2156 
---­ .f'el-5 6-­ - --­ -402-156 
.02156 1755 .02156 
.35950 1155 .35950 
.35950 IL53 .3595­
--­ .P e----------­ ------­
.01980 2701 .01080 
.O1980 25Z1 .0198"
.q1980 2901 .0980 
- - E-1-9--­ - -'Det9­ - --­ a.1-950f, 
.01980 1451 0i980 
.1950 1201 .01980 
.o198D 1301 .0198n 
11­ 8&­ - -t5+ -­ 3 1­- r8 G198C 1501 .0198 
11980 .0lC198P 
.01980 ?151 .n1986 
.... --0190­ - 22-5-1 - .01962 
.Q1980 2L89 .01980 
.11981 24111 .0198c 
.019q0 2501 .C1980 
-. ...11980 -­ 9­ - - L3198g 
- 29"­
1702 
1706 
-1862 
1806 
1652 
1656 
-1-752­
1756 
195F)t18t
275r 
285M 
2950 
11& 
1150 
125' 
inan 
-14fGr­1550 
212 
221 
-230 0 
2350 
2450 
2550 
310' 
- -0r3&&0 
.02156 
U.2156 
---. 92 156 -
.52156 
02156 
.02156 
-. ifl-t56 
.02156 
.0198Z 
.D198(
.0198t 
. lJ19 afA­
.01980 
.0198D 
.01980 
.41980
.u198, 
1 19 8t 
.U198L. 
-. Q198b 
.0198 
.0198 
.01980 
.1198L 
-
-3'98 
1703 
1717 
l8n3 
18'17 
1653 
1657 
1-7153 
1757 
15 
2751 
2851 
29-1 
"-101 
1151 
1SI 
iLOl 
14n11551 
2 1 I 
221 
2301 
2351 
2451 
2551 
310i 
-. 030160 
.02156 
.02156 
.'2156 
.r2160 
nf215o 
.C2156 
.S2156 
m'2l56 
la 
.P1980 
.0198u 
.n198U 
.n1980 
.01980 
.(1980
.01980 
.019813 
rjl8D8 
r1984 
r,198L
0198 L 
0198 
.u1981 
.01980 
nl9au 
-
S- Ii 
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SOFT TUBE INFLATABLE RADIATOR


n 
31 019811 	 .11195	 ,7e 3
 "i,11 ~3151 	 t198L 
n
3250 . 98 :zs1 .01981 33 m .4 A985C 33-1 ,1
-
-3600-- m!9. 0rgB---'--;e .11941 355,"1 .11198. 5351 .n1980 
34G019813 34'1 .01980 345r .0198L, 3451 .0198055 0 ,0 1980 5 5 1 :0 198 , 5 9. 1 9 5 1( 1 8 
4cOaB .980 ml 1980 4150 ,C198L qlnj n18 
4250 -- 01989- 4za - - 019811 4atl n1980 
.2001980 4251 .019811 430P .13198C 43r1 ,r198r


40QD ,VI98U 4 89 .,11981 435t] .01980 4351 q 1980


44CO ,5!980 4401 rl19sc 4450 .0198E; q451 :,1980


'59 	 UV U 50? 8B198an 51cn .0198L 5i 01 :198L5150 :r19813 551 : 1987 52011 .01980 54Pl .01980
•5250 	 -40198D 5251 .01 98p 55n .01980 53(11 fl198o 
61 	 1902 .o1980 1903 . lqso 195I~2 -- .o. u 1953 019BS


1002 ,01980 1GO3 0nl981 155? .0198b 1553 C,11980

27V2 .01980 2703 r01981 2752 .01990 2753 rl"98 
• 	 2 .0190 2903 .01980 2052 .01980 2953 V1980
Mi8 .0198C 1087 ,0198p 1102 .0198c 1103 .0198G 
1152 .1950 1153 .01980
".-
1202 UO198c 12LJ3 CE1980
I -- -xr-1Z sa-----i-2-S3 -. 9-B'0 .... ;- - -- ,}9" - -13m3 .n1980 
1352 .01980 1353 .029817 1402 *c19sc 113 .(119801452 VP19813 1453 nl19sa 1902 ,9198c 1503 ,01980
2CV2 Lt199tl 2u03 rG19so 21i62 CE1986 2 ,13 V1984 
S2252 .01180 ?2255 C198, 2302 VP198L 2303 C1980


zaa . 2C87 .01989 2352 :01980 2353 ,M1980
0501980 
S._ . 2402 .01980 24 3 .,01980 2452 .0198c 2453 :01980 
308a CI9580 3 57 ,r1980 3101 .,1198 31r3 nl9srl
3152 .01980 3155 .01981 32c? ,0198 32n3 ,r19r,

3252 .01980 3253 .0198 3302 .C198 %33C3 ,C298C


r
3402 01980 34V3 ,0198 3452 .01980 3453 .n1980


35H2v~s 3S" 	 .01980 3,3 1980
551980 	 3552 
 
4r52 .01980 mc5 ,0980 43r2 .0L198 V 4303 Vi1980098 ----. -,01964 .019su 42355 . 19804153 	 -4702
n
4252 C£1980 h 3 .01g8 4302 ,0198U 4353 .01980 
5088 .01980 4L87 ,51980 45? LG198C. 453 rlIQ80 
-4552- -455 .0-98t 4551C598 
S12 1980 513 1981 5202 ,01980 5213 .0198b{5252 195 253 .01980 5302 ,01980 5303 V198L 
-5n- 1698 
SYSTEMS IMPROVED NUMERICAL DIFFERENCING ANALYZER - - - S7NDA UNIVAC-11[8 FORTRAN-V VERSION 
SOFT TUBE INFLATABLE RADTATOR 
62 	 19C4 .C198L 1905 Il1981 1954 ."198( 1955 

1204 .01930 1c5 .01980 1554 .r198V 1555 

- -7&4--	 --- - -.019 98- . -..­ 7 5-- - --7 -- -0198-6 2754 - C198U 2755 
( 	 2804 .01980 2805 .01983 2854 .1198L 2855 
204 .01980 2905 .019851 2954 .01980 2955 

186 .01980 1085 .019sr 1104 .0198L 1L5 
- - -t- a98-- -. Eefe -­t~4rU19'80 	 --.­ " -- I ZEs 
1254 .01980 1255 .0198v 13b4 .0198U 1303 

1354 .01980 1355 .0198n 140" .01982 1405 

1454 .1980 1455 .0180a 1904 .0198u 1505 

- - -­ if-6-- --- -Z .@- 1G - - G 9Ot ­-s-*-eat--- 8 .af	 Bu 21-95r 2154 .01980 2155 .01981 2204I .01984 2Cl5 
K 2254 .01980 2255 .01080 2304 .01980 23D52n8& .0198V 24285 .0198r 2354 .01980 2355

~-8O 24-S" -, --­ 245-5~~~B18 -2C5m------ - -	 ---­ 0+196&­
254 01980 2505 .01980 2554 .J198C 2555 

3V86 .01980 3L85 .01982 3104 .01980 31.05 

3154 .019811 3155 .11980 32C4 .01980 32n5 

----­	 - 34--afj -----­1980- - 35W18Z--q-8-
S004 .01980 3005 .0198( 3354 .01980 355 

3404 .0298) 3405 .019811 3454 .01980 3455IF, 3504 .01980 3515 .01980 3554 .01980 3555 

4104 	 ffil5 - ~ 2- *1 ntt3S - -4-1-n5 
4154 .0198C 4155 .0198n 42U4 .01985 4zl54254 .11980 4255 .o1q80 4304 .0198L 4305 

4r86 .01980 4085 :0199 4354 .0198c 4355 

-. t-0- 4*-Wm- -. .l9D- 8 - - ki 4 - - v-.I0l -- 4495 
4504 .C1980 4505 .01980 4554 .0198D 4.555 
5086 v 1980 585 01990 5104 .21980 5105,
- 5154 .01980 5155 .01-80 504 .01984 5z45 
.f- 5255-- -­ 5 04 - 985 - -5395 
5004 C21980 5b5 .01080 
63 	 1906 .'198t 1907 .01980 1956 .4198C 1957 

1106 .119813 IU07 .0198r 1556 ,0198L 1597 

-- -- -f6---------&1-9881----8fq- .0B- - -e7&&-------0-1 58-fr­ -2757 
2806 .$1980 2807 .01930 2856 .0198C 2857 

2906 .0190 2907 .01980 2956 .01984 2957 

1O84 .J1980 I083 .01980 1106 .0198L 1107 

1.018n...... 	 1-980- --­ 1-5 7 -­ 1980 1206 - 207 
1256 .01980 1257 ,0198f 1306 .0198L 1307 
1356 .0198C 1357 .01980 1406 .0198u 14 7 

1456 .01980 1457 .01981 1506 .01980 257 

2156 .01980 2157 .[1980 2206 2.8198L
47 

2256 .01980 2257 .01980 2306 . 1980 2307 

2084 .21980 283 .01980 2356 .01980 2357 

......... -98a--.-498+ -2-2'+a7 -- P-198n 2456 .4,198C 2457 

PAGE 	 62


."198


. 198


.1980


.r198O


.11980


.r1982 
.03198­
.1198J 
Q1980


.n1980


.0 19 80

.01980 
.11980

.01980 
4i19g8i 
.0198C


.1980 

.01980


rl98j

.01980
.11980


018 
n o1980M0198C


.01980 
-. 0l198L
.21980 

.n198 
n0198O

.1980 

.11980


C'1980


o i 

.11980


.11986


.01980 
.01983 
.01981


.f198U


.n1oB. 
.1198C 
.01980


.11981


.*n198. 
U.PRODUOChLITy OF TTIE 
GE is POORoORIGNAL 
SYSTEMS IMPROVED NUMERICAL DIFFERENCING ANALYZER - - - SINDA UNIVC-118 FORTRA.q-V VERSION PAGE 63 
SOFT TUBE INFLATABLE RADIATOR 
. . ...-- -­ -­ ---­
2506 
3r84 
-
C01980 
.0198c, 
..-..- *0 98e-­ 86 --­
25r7 
3.83 
-­3J­ - -
rl98,)
.0108P
.219 " 
2556 
31C6 
32U6 
.U198u 
* 198 
.0G196 
25q7
31C735!l7 
Pr1981
.198C 
nl198 
-­
3256 
6 
4U06 
4156 
.91980 
1: 9 80 
0s 
--­ 3-06 
*950 
.:l98O 
3257 
31107 
34 r7 
+90-76 7 
'u7 
4157 
-
01980 
.01980
. 0 1 1)a 
,18 -
.U1980 
.c198 
33L6 
3356
3456 
35-6.098 
41L6 
4206 
.0198L 
.0198 
. 0198tL 
G5198C 
.0198L 
3307 
3357
3457 
-5r7 
4,'7 
4217 
.r198c 
n1980 
. v 1980a 
.01980 
. 198J 
.*1980 
4256 
----­ 4994­4 
.01980 4257 
---.­ 449-----4483---­
a198O 44U7 
1g8n
-G-eI94W­
.01980 -
43C6 
43564456 -­
.0198. 
&198L
.0198C 
4 07 
44 574457 -
nl198L 
01a98
nm198L 
1450450,84 .1980:0 980 45075,83 .01980.01980 45565 E5 .11980.0198C 45575107 .C198C:9198J 
5256 
5B16 
6-- -045­,-5-14-­
.01980 
.(31980 
-­r.0198q­
5257 
5(j07 
-
.0198n 
.0198 n 
- SCS -­
5306 
lu5i 
-. V-19 &-G--­
.0198C 
.2330L 
52-'" 
56r7 
.01981)
.01980 
-'CONNECTION DATA 
I - ~ ~ ~ ~ T­ -6-UR$-A C------4R I-P T--F-A-­ - - - - - - -
62 
---­ 6-1---­
60 
- -
63 
43 
63 
-­
.7285-u2 
-737-2­
.13443-01 
- - - - --­
59 63 .62772-e3 
sa863 _ .26398-1 
56 63 .25932-U1 
55 
54 
63 
63 
.22417-03 
.12126-u2 
52 
SI61 
63 
6362 
.29C84­ 8 2 
.16717+ 1 
.71212-02 
-----------------­ 6~----­ -----­ 2-­ --. 4 2289 -0l1 - -----­
59 62 .58446-J3 
58 62 .51C79-42 
57 68 .76366-C3 
55 62 .20415-3 
54 62 .11Li10-02 
53 62 .1460C-U1 
-­ 5-2-­.... 62---266r4-02 -. ... 
E-20 
SYSTEMS IMPROVED NUMERICAL DIFFERENCING ANALYZER - - - SINOA - - - UNIVAC-11r8 FORTRAN-V VERSION PACE 64 
SOFT TUBE INFLATABLE RADTATOR 
51 
6C 
62 
61 
.15565+,11 
.16287-Cl 
-­ ---- -­ ---­ 9--­ -- 61­ - -5-794Thu3 
59 61 .2055L-C2 
57 61 .89a13-03 
- - --­
5665-­.....-. 61ti­ .23874-01--. 2&369-&d-­... 
54 61 .16216-LZ 
53 
52 
61 
61 
.15768-cl 
.37312-C2 
-­ 5it--------­ &I1- -. 1-54324t1 - - - - -­
59 6c 52804-03 
576 
-58 .42453-U2
.193137-L2 
5q 60 .5875j-02 
54 6r .52367-02 
53 6C .34978-LI 
51 
58,57 
61
5959 
.14062 u1
.12447-'3
.75134-54 
...-­
55 
54 
53Se--- ..-.. 
59 
5959 
-6.9 -
.58804-05 
.16'84-b4 
.86449-03
.93542-t-4--. 
51 59 .23337+00 
57 
56 
58 
58 
,17760-J3
.69951-D2 
- ---­ -­ - -- 56-­ --. 8973--134-­ - - - -
54 59 .53285-03 
53 58 .33793--2 
52 58 .68ZBL-L3 
56 - - -58 57 -- 3-1-46+UO .21015-03 
.... 
55 
54
-'S-----­
57 
97
-7-­ -
.86464-05
.23347-04
.15715-4­
52 
5155 
. .54­ - -. 
q7
57 
96 
. .­ .-­56 - -
.10112-02 
.20009+uo 
.32273-w3 
.­
4 44 18- w 3 
53 56 :33455-C2 
52 
51 
56 
56 
-
.11672-2 
.22074+ O 
16-518-Z 
SYSTEMS IMPROVED NUMERICAL DIFFERENCING ANALYZER - - SlA - - - UNIVAC-1108 FORTRAN-V VERSION PAGE 65 
SOFT TUbE INFLATABLE RADZATOR

53 55 .50267-C3


52 55 .34236-D4


4, 52 
 54 .91296-04


51 53 .23C22+01

51 52 .24911+00 
___ ~ - ­pZ - - -'A - - -
A Aft tN - ­
SYSTEMS IMPROVED NUMERICAL DIFFERENCING AMALYER SINOA - - - UNIVAC-lIPS FORTRAN-V VFRS]ON PAGE 93 
SOFT TUBE INFLATABLE RADIATOR 
T 5100: It.819 T 51jt: 14.129 T 51 2: 13.125 T 51f' 14.353 T E'0l4: 15.438 T 51.5: 16.816
7--5106a- -,.7-7 - -- T 3,7= - - 742- - -T - 515C-- -t.612 - -T- 51 51r -- -1-.72-3 T 515?z 7.6643 T 5153= 8.0647
7 5154= 8.2693 T 5155= 8.8149 T 5S56= IC.104 T 5157= 10.269 T 5200= 13.495 T 521= 12.836T 5202= 8.7635, T 52P3: 8.3615 T 5214= 7.736' T 57?5 7.5004 
 T 5206: 8.s551 T 5207' 7.4399
T.' 5250= 22.664 T 5251= 21.167 T 5252= 16.48' T 5253: i5.259 T 5254= 13.833 T 5255: 12.793

-- 6- - 4.3- - 5-?54:-= ­ ---- 3- 38.664 7- =34 '6.:28-1 - T 5 3.?= 1.311 T 5303 29.18240 -T- -1l.6847 5304= 26.926 T 531;: 2-.17 T 536= 
 43.758 T 387= ,1. z1 T 535": 45.519 T 5351: 42.248
T 53S2= 36.313 T 535: 33.277 T 5354= 30.407 
 T 5355= 27.295 T E356= 5.143 T 5357= 21.895
I 91C1= -310.10 T 9002z -8P.921 T 9003= 69.990 T 9C34= -22.8U5 
W t 21.500 
 w 7= 21. rU


= 
 
-- ---OP- - -1-5--4 ---f - ----a--8.3-?64- - OP --- 3= S.3264 OP -= 5.3264 - UP -" 5 5.32647= 
 OP 6: .31C52-E1 OP .48Z20-'A 
P 1= 5.4C56 P 2= 5.3746 P 3= .4822-O' P 4= PCOGO 
I C0-MPU I TtME 2.362 MIUE 
~- -F n~Tw esr,-sP3 lCZ5A: 2.71160-~' RELXC -1856)= 6.477",6-133-EI -SC- -3.1t6"-oq4-TE-lPCGC 
T 1: 95.1W T 2: 3,.353 7 3= 7r.713 T b: 25.354 T 5: -,10.00 T 52= -93.896T 53: 69.999 T 54: -24.863 T 5b= 91.726 T 56= - 5.235 T 57: -it1.11 T 58: 
 -5.4578
T 59= 53.182 T K0: 17.417 T b' 1.418 T 6?= 12.600 T 63= 6.5482 T 99= 94.661 
--- 8---9.-.9-.-26-
-3.74--T 9-2= - bC.73r - IG3= -T6.27­-4-- -14:--- T - 3git:- 7i.15J T 105' 67.794 
7 106= 63.843- T 1J7: 5Q.83o T 133= 59.C91 T 184= sr.715 T 185= 46.283 T 186= 41.998
T 287: 7.918 IT 19= 37.998 T 289= 38.752 T 20= 27.199 T 191= 27.227 T 199= 94.683
T 208= 90.31 T 201= 86.r96 T ?,2= 6.779 T 20"= 77.611 T 304= 73.56 T 2G5= 69.647 
- 7- -326- 65.993?-- ---62.Z-6 --7 83- 58.45 -T - 284 55.418 T p85- 51.956 T 286: 48.638T--
T 287 5. T 88 4-.04L T 239 3.5 2r :7.158 T 91: 37.177 T 799= 94.684T 301: 90,321 T 312 86.114 T 4u= al.88 T 4C3: 77.651 T 304= 73.613 T 455 69.714T 406= 65.993 T 3'7= 62-:6 T ;d3 5 T 484= C5,214 T 485= 51.946 T 486= 48.737T--- 34-7: -4.58C -...-T5--- :-- 42.4841 -- T --- 89 -30.850- -T 59[ -7.269 T 391= - 37.271 T 399: 94.684T 541= 9n.321 T 4CI - 86.114 TT 463= 58.55q TT 464= 5.16 TT 485= 51.949 69.7154C6 65:994 7 4j7= 67 2r7 4L2= S1.84 - 403: 77.651 q14= 73.614 405=TT 6  48.742

"! T 487= 45.585 T 48QZ 142.546 T 489= 30.856 T 490= 17.259 T U91= 37.277 T 499= 94.684


T 506= 65.994 T 5C7: 6 ?C7 T 
 583z 55355 T 584= 55.217 T 585= 51.949 T 586: 48.742T 587= 45.585 T 588= 42.546 T 569= 39.856 T 99C: '7.269 T 591: 37.278 T 998= 91.702=
T 999: 93.731 T IvLa 76.2C6 
 T .* i 71.835 T 1 02= 06.742 T ±0 !7= 62.69C T 1I'4: 58.734

--T- 4 55,C23 - -- 7-- IV4z- -T1.6 - r-.a 47.468- 7 105= -85.910-~ - TI irS': 12.726 T 1053= 13.183T lr54= -5.4441 T 15:= -6P125 T 1"b:= 4-.387 T 184= 57.141 T ln85: a3.r39 T 1086= 29.2711 1387= 25.766 T 1088= 22.338 T 1169= 2C.183 T 1P9= 7.29n T In91: 47.311 T 1192= 27.465T 100= 5.8193 T 1101= 71169 T lIi= 5.8950 T 1103= 7.5933 T 1104= 9.2792 T 1105 11.154

-T- j1-6=- IZ.793-- T---117: --15.-45. - T 1-15:- 4.492-1 T 11512Z $8653 T 123 20 r7 5f 1 1153: 2.1933 
- I 
= 
 =
7 4.3069
T 3.3331 115: 154: T .1:s: b.L663 T 1157 6.6554 T 171 8.9!38 T 1211= 8.4056
T 1ZC2= 4.4897 T 1203= 4.27C7 T 42L4= 
 3.8521 T 12L5= 3.8816 T '76A= 4.7377 T 12,j7= 4.3989


S-23


-7 - 7 
i 	 SYkTENSAINMPROVE0 NUMERICAL DIFFERENCING ANALYZER - - - SINOA - UNIVAC-fl10 FORTRAN-V VERSION PAGE 94 
SOFT TUBE INFLATABLE RADIATOR 
= 
T 1250= 19.394 T 1251= 17.935 T 1252= 13.279' T 1251 12.111 T 125: .766 T 1255= 9.8532 

-, -	 T- 1307: 9.02 T 1350: 45.064 T 1351: 46.783 
0- ±= 24.488 T 4"1305= 22.,577 T 13U6= .21.338 T 1307= -9.r24 T 1350: 49.064 T 1351= 41.616 
T 1352=, 35.506 T -'1353= , 32.30V T 1354= 28.974 T 1355= 6.f021 T 1356= i3.730 T 1357= 20.364 
T 1400= 33.923- T 1401= 30.809, 7 1402: 24.354_ T 340= 21.456 T 1404= 12.357 T 1405= 15.678 
-T- k~ - i4 	 --T-­14-5 1-= 27.356 - 5- V452- zc'.810l T 1453= 18.029­
T 1454: 15.022 - T 1455= 12.447 T 1456= IC.68n T 1457= 7.7215- T .Slnz M4.080 T 1501= 31.032 
T 1502= 24.642 T 1503= 21.802 T 1514= 18.757 T 1505: 16.127 T 1906= 14.262 T 1507= 11.233 
T 1550: 45.388 T 1551= 42.C77 T 1592= 36.101 T 1557: 3318 T 1954: 9.80Q T 1555: 26.946 
--- -$--1-&6524 1254-, 1----- -­ Si- -­ h77 -- --- 1-- -112,.83 - 4 1653: -111.86 
T -111.76'F = 	 T 1656= -116.84 1657: - 1t.65 1730= -94 .600 1701= -94.268T Tii2 T 	 T TZ 1 6 5 4 = 	 16 5 5I"7' 1702- -96114" -T 1703= -96.501 1 17T4= -96.291 T 1705= -95.784 T 17U6= -94.384 lJ55 -93.963 
1= t.77 T -121.76 15=-111.52-­ 1 0 7 1752: -112.03 15=-11.86 7 1754:	 T
r 08 T-1757804-:--94.2&8 -91 PO-	 4 -1 "O2-= - -"6.903 T 1803z -96.501 
n = 

T 18C4= -96.291 T 185= -95.784 T 18C6= -94.384 T 1807= -93.968 T 185 -89.631 T 1851= -88.913 
T 1852: -94.112 T 1853= -93.26' T 1854= -92.853 T 1855= -51.863 T 1856= -89.150 T 1857== -88.32a 
T 1900= -88.943 T 1901: -88.168 T 19C2= -93.735 T !9U3= -92.817 T 1904= -92.382 T 195 -91.324 

T8tO-	 - -T----95t--- 54 44----- T---1952e -91-.1-44 T 1953= -40.131185'.4= T 1957: -84.438 T 1998= 91.732 T 1999= 93.760 
u 'Y2000=- 76,836 -'. 201V M72V730D, 20U2~ 67.69E T 2003= 64.07T T 2004= 60.333 T 2005' 56.811 
T7" '2006=' r53.614 'T 2007= 49.563 V '2083= 46.372 T 2(84= 44.S4 T 2085= 41.007 T 2086= 38.168 
-­ T- 209'2=
-----	 T--9-- -28.93-3-- -- T---E9 1-: 3-7-.203 37.252 
T 2100= 38.619 T 2101= 36.228 T 2102: 31.254 T 21U3= 29.114 T l4: t6.845 T 21D5: 24.925 

T 2106= 23.639 T 2107: 21.29, T 2150= 22.607 T 2151= 21.126 T 2152= 16.427 T 2153= 15.191 

T 2154= 13.754 T 2155: 12.7C6 T 2156= 12.401 T 2157= IC.960 T 2200= 13.426- T 2201= 12.764 

rr-,TI 	 j - Z----T-24 ! 0 23j--T --­ T- ia z---T--.---2f - - ... -T--2-6z----7.9425 T 2207= 7.3220ST 22S 1523' -T ;2251: ' 1O.643 ' T 2252T 75899 7 2253= 7.9857 T 2254= 8.175C T 2255= 8.7277 
'T,-2256± .9.9942 7, 2257: 10.156 T 23.C= -13.730 T 2301= 14.639 T 2302= 13.P41 T 2303= 14.266 
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= 
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-- 2573--- T AA1-1-4---T-3-251=-- -43-.--1-7- - -3-2 - 12.776 T3'56: 12.479 T3267: 11.047T 3300= 38.645 T 33CI= 36.26q 7 	33g2 31.3-r T 33-m -. 171 T 3304: 6.913 T 3305: 25.1303 
T 33C6= 23.729 T 3307: ;Z.39r T 35= 45.49 5 T 335= 42.23 T .3552z 6.304 T 33553= 33.268

T 3354= 3r.095 T 3355: 27.283 T 3356: 29.114 T 3357: 11.863 T z4c": 34.246 T 34c1= 31.274 
~ 3v4 -r~W -- 314±- .- 4 -T7 3446Z --14.823 T 34U7= 11.845T 34So ' 3.577 T 3451: 27.697 T 	3452: 21.251 T 3457= 18.567 T 3454: Z5.649 T 345S= 13.157
4 9
 
, T r56: 11.46"2 T 3457= 8,5722 T 3Sbtj: 34.246 T 3501= 31.273 T 3502= c . 54 T 3503= 22.184

'- 3504: 19.204 7 350g= 16.634 T 	j506= 14.823 T 3507= 11.845 T 355r= 45.495 T 3551= 42.233
4
L e13.. T53~- Ar6 - T-45---3-p-045- - -T----556 27,.263 - -T- 4 54S6 -2-5-i11.G T 3557= 21.8637 9
T 3998 91.733 T 3999: 93.761 T 4"110 76.859 T 40I': 72.767 T 40(2= o . 47 T 4CC3r 64.145 
T 40C04 60.418 T 4005: 56.912 T 41,6= 53.732 T 40"7= 49.697 T 4n83: 46.461 T 4r84Z 44.144 
T 4085: 41.097 T 4086= 38.261 T 4a 7= 5.54R T 4L88= 22.877 T 4f 89: 31.285 T 4090: 29.024 
r-4- 4G91-44-343- T---49? -435G -T.-- 4-".: &r647 - T --411= 36 .L66 -T 4-1 G2--- Al .302 7 4103= 29.173. 4104; 26.915 T 410: 25.035 T 4106= 23.73n T 4107= 21.392 T 4151= z'.642 T 4151= 21.167

T4152: 16.475 T 4lS3= 15.247 T 4154: 13.819 T 41557 12.778 T 41S6= lp.481 T 4157' 11.049

T 7 2ilz 13,.6 T 421 ?.811 T 4202= 8.7487 T 4203: 2.3461 T 42'3u= 7.7186 T 4205= 7.4829 
= 
T 4254= 6.2423 T 4259= 8.7972 T 1256: I.O6p T 1257 10.233 T 430r: j3.79a T 4301= 14.706


T 4362= 13.11C T 43D3: 14.337 T 43L4: 15.421 T 43C= 76.800 T 43Q6: L8.756 T 4307= 19.711

T 4350= 6.6414 T 4351= 8,5C91 T 	4352= 7.94R T 4353= r.131 T 454: .,174 T 4355= 14.4874 
---.2&9 .95665-- - -- T-- 357Z -19 .239--- T--- -...t--145&7- -- -- 444 17 6 B - T 4442: -1r632 T 4433= 
T 4404= 2.7634 T 4459= 4,8937 T 	4406= 7.7084 T 4407= 9.4348 T 4450: -41.1122 T 4451: -2.4287T 4452= -4.0100 7 445 -2,C452 T 	4454: -. 31472 T 4455= '.7565 T 4456= 4.5535 T 4457= 6.23058 -T 'j5f0lI:.58T .26977 7 	 45C2: -I.L632 T 45(3= .9z661 T 4504= 2.7633 T 45's5' 4.8937
-4 82---4-- 57=- 9 -6-.6JS -- T 4--5-1z 4-.5-91 T 4f52- 7.941: - T 4553= -10.431 
T 4554= 12.174 T 455q: 14.487 T 4E56: 1'.359 T 4557= 9.238 T 4998= 91.733 T 4999= 93.761 
T S000 76.859 T 50x1= 72.767 T 5'J,2: o.947 T 5"12: -4.146 T 54: oO.418 T 5005= 56.912
T 5:06= 51.733 T 5CC7: 49.698 T 	5P83= 46.461 7 5646: N4.144 T 5985= q1*.97 T 5"86= 38.262


------ T- -b47- -35--48----7------ - 32r897Z - T---5-=----31-26-- -- T %9G=0- 9.C-Z4 - -T- -5"91: - 47.314 T - 5092: 7.5T 610o 13'796 T 5101: 14. 7 T 	51C2= 13.110 T 51C3: 14.338 T 5104= 15.422 T 5105: 16.801T 52C6= 18.757 7 5107= Xo.711 T 5150: 10.577 T 5151= 10.699 T 5162= 7.6491 T 5153= 8.0494 
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P --6 -41-5STIP- W- = 2.&87 -
-D. P 
 
DP 1: 5.3274 UP 2: 5.3-74 UIP Z= 5.3274 OP 4= -. 3274 DP 9= s.3274
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5131035,  11. 31f 1 15. .51 .. 0. 1f-51f .3 3 24.3 f 1 1 3i. 1  1 . 
r -
$ Ii 
$ 11, .: 4 
'.5131076 S 1,
',,51310: '1 
311 
44 11' 
~ . 
, 
Z51-10 
_ 
- 41115UD4 
'4511 
.51310
.5 h 
.51310 
4215Mil 
511 
.51310 
51310 
~7-7 
9C 
90 
91 
92 
.43776-01 
.139n3-02 
90 93 .11606-L3 
193 iaa l 
92 
93 
94 
94 
.59857-01 
*21644+01 
f!,, -___,_,____,_,,,.........., ,_: ......................-­ - - -
I'-
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hARD TUBE INFLATtBLE RADIATOR


T 55C3= 31.576 T 55, 1: 31.74n' T 5505= 31.915 T 56= -2.116 T 5507= 32.343 T 5508= 32.438


. r 53t7r-T -'IUT- 23fltwv7-- -T 3 381 ---T 60Z: " 33.740 T 6001= 34,3J3 T -6D2= 31.29a "
 603: 616 T 35.074 

'wQT "'61q=0 -36.939' T 6010 37.413 T 6011: , .914 T 61cr: 21.332 T 6101= 32.380 T 6102= 31.461


~"T. P3.63k'~T 00 1 4.Gf I6954029 	 25.675 .007= T 6008: 36.485


"T 6103: 31.974' T 6104: 31.73,7 T 61G5- 31.912 T 6116: 22.112 T o107= 32.339 T 61D8 32.435 _ 
bill- ~ 1~r6r~: -33.3T-g-- r-1-nrc=-rn- r-_---
W 1= 110.59 W 2: 110.55 W 3: 199.97 W 4: 110.48 W := '09.90 

W 6= 991.49 W 7: 549.29 W 8: 440.Ut


= 
 
4='gP -455.2 DSP C55.2,,S .DP 3: 4055.2 OP 4= 40S5.? OP 5 4r55.2

4 
 
I .; '+jj.'g "-" /- ' L,8,1 R ----816T,'I'j---- .... "q'*OtC0-- P"- - S---64.'3 3__ ---
COMPUTER TIME 1.760 MINUTES


TI , - ±-10£1)-- 9;8633C-05 TEMPCC( 60)= 2.28424-C2 RELXCC( 66)= 6.66428-03 
~t4~.t:4,SQ0' 't2=' 38.8 JT ''3- 33,9,49 T 4= 94.1999 T 5: 38.726 T 6= 33.949T 	 -
BI T-'-in1 4.926,'" jj;1': . 386,, 12 87.636 T 15= 29.587 T 16- 39.569 T 17Zr. 39.413, 
U- 4.u --T-----2---- - 9---- -2 397 -..T ... l 393 8 - -T---T 30: 92.056 T 31: 7r.017 T 32= 81.294 3' 28.019? T 36= 38.060 T 37= 38.589


T 40: 94.856 T 41: 93.798 T 42= 8C.587 T 45: 39.020 T 46: 38.987 T 47= 38.660


T SO= 94.808 T 51' 93.395 T 52= 75.842 T 55: 37.647 T 56: 67.691 T 57= 38.253


f±'N - tr-h Ia -T-- t5T52t 6-,S.t 	 66r-3vt23 I- 6r7---fl8.-34­4.46, 	 I ' 70= 38 71 :"74QT7,70 T 80= 54.231 T 81= -20.000 T 9fl: 54.374 T 91= 52 795 -
T 92= M 949 22 
 444 7 94= -19.897 T Ian= P9.551 T 101: o4.190 T 102= 79.02836,9 	
 
= 
 4-'' 103-t " T , .14: 69.245 T 105 64.612 T 106= 6C.145 T 107= 5.839 T 18= 51.562T 74jQ55 " 

" ' 3 i z.t.,= i,'r-2------- ---- M2=t--9-t6rl- 3s-----T--	 - -T--'=-- -S4-.ItS -Ti Vy- 	 M 2---'­
T 2C3= 73.923 T 264: 6o.r95 T 2C5= 64.447 T 2C6: E9.967 T 907= 55.651 T 208= 51.366

T 209= 47.233 T 21-1 43.245 T 211: 39.373 T 3 0= 86.737 T 301= 81.534 T 302= 76.520

T 303= 71.683 T 304: 67.003 T 3V5= 62.491 T 316= E8.139 T 307= 53.940 T 308: 49.764

-" .cn5-q--- nt--- - --- T--1-1- ---	 - - 4 n= -T 40-1---t3.996 - f- -402----78-.-7-fl---....4-',- 38-.t"-	 --89-.418

T, 03- '3-748 404: 68.888 T '05= 64.210 T 406= S9.702 T U07: 5.361 T 4U8= 51.056 
T 6.909' - T ,410 - 42.912 T 411: 39.025 T 500:= 58.769 T 501: 82.870 T 502= 77.280 
TS"'I >50'3= ' 71.978 - T 504= ,66.941 T 505- b2.162 T 9c6: 57.62e T 507: 53.323 T 508= 49.12n 
"4-"-s.-t3-f---r-- --- rr- -- T 3,-- ;2--- -T- - ----3.9n - - 601----34 f8- T 60 34-4,9-1--
T 6P3= 34.816 T 6C4: 3q.164 T 605: 3S.529 T 606z .5.914 T 607: 36.317 T 608: 36.738 
T 6c9= 37.196 T 61n- 37.676 T 611= 38.'87 T IflUr: Eb.59"1 T IrM=: 75.171 T 1002= 69.944 
T 1203= 64.902 T 1C04: 59.990 T Ijf5-- 55.294 T I006= 50.759 T ,l07- 46.319 T 1008: 41.599 
rr1 ,au w rt1 --- 3u~ r-5--I-IlT=t- Z .g0fl- --- T -11047'- -74.ng6-- -T 1111: b9.7t1s -- T -1102:= -64ti7-3-­
= 
 
T .113= 59'.885 T .104 55.139 T 1105= 50.620 T 1106: 46.254 T 1107= 41.975 T 1108= 37.285

r	 = 
 T 1109= 3$,144' T 1 1(=: 20.127 T 1111= 25.211 T 115 = 74.977 T 1151: 69.769 T 1152 64.744 
T 1153: 59.892 T 154: 55.145 T 1155: 5C.626 T 1156= 46.26m T 1157= 41.981 T 1158: 37.291

It9r- .1s------ T--n5 -----29.'I"3---T---1t6---T -- 1- -- 18.--r 7 T 1"1JI= 53.485 -T 1202= 49.042- - -
T 1203 44.739 T 120: 4 t.515 T 12"5= 36.511 T 12,6= 32.632 T 1207= 28.82? T 1208: 24.217 
T 1209: 2".521 T 1210: 16. 29 T 1211: 1.41V T j'fl": 52.599 T 131=1 48.198 T 1302= 43.936 
r- i­

IT, 
,Y -T IMPROVED NUMERICAL.DIFFERENCING ANALYZER -SIDA -UNIVAC-ltS FORTRAN-V VERSION PAGE 72


-
HARD TUBE INFLATABLE RADIATOR 
T 1305= 3 .91J9 T 1306= 26.184 T 130" 24.521 T 13u8= = 19.943T 13C3= 39.805 T 	 1314= 35.751 
-8.027- -7 Iftal: - 53 .4a3 - T 1402 - 48.969
-I. a be D T4 - ,-.n 9 -T -2311-z 1 T- t-4"='- T 1407: 28.718 T 1408- 24.111I, j4t-2QL.'58r 4I 27 T 14u5- 36.418 T 1406= 	 32.S34 
74.86n1 1501: 69.628 T 15 U2 64.5831411=, 13.294 15O0= 	 1508= 37.06115lZ~~ T~I0~1.1, 	 TT 1506: 46.047 T 1507: 41.758 Tt.<T' 	 T57_! -5 54.955 , TT 1501i 50.424 - T -, z- -- 75.023 T -2M"2 -69 77 -3bu -	 VtSt28T 94-I l .iS t2{I.'96S-. T2t 3trqt = 
T 20133= 64.711 T 2004:
-
59.785 T 2fl05 j4.769 T 2101= 69.542 T7 2102= 64.50055.075 T 2006: 50.528 
T 2'107 46.077 T 2r,08' 41.350 
T 2009= 37.051 T 2 f 1 r 32.886 T 2u11- 28.821 T 210v)=T 2106= 45.978 T 2107= 41.692 T 21082= 36.95 
3 2202- - 487- -
T 2103: 59.635 T 	 2104= 54.880 T 2105= 5C.353
 
7. ."11 2.15., 	 ~~'-~~'-Z2 ~rW~tZf --	 7I46.t39 -- Ttt'2t 	 23031= 47 115 T  O422A - , 	 2 1 3P­ 715#.70(l
1.... I 30 51o-6 	 2301
225' 39,9 2205= 35.958 T 2206=- 32,088 T 	 2207= 28.291 T 23.704 
RtU 2At<3&2 -- I4c.821 T I Et - 31.022 12306: 27.325 	 2117= 23.697 T 308= 19.152 ­
,cpui',- ,,peo 7 1 ,c ±-t 9--T -- t'B'---- 87 -T-- 2 1= -5,7- -T--292- 47142-3-
T 2406: 21.289 T 	 2407= 27.535 T 24u8= 22.982
T 2D3' '3.197 f 	 2404= 39.057 T 24C5= 35.121 
 T 2501: 67.284 	 T 2502= 62.386
 
T 2503= 57.651 T 	 2504= 53.022 
 
T 24109= 19.334 T 	 2410: 15.785 
 T 2411: 12.282 T 25"9= 	 12.355 
 T 2507= 40.117 T 	 2508= 35.501
T 2505= 48.605 1 2506= 44.310
 4 
. .... T 3;r- 7l t ---- t~t 2 3- v S 9 1- -- _ ---	 s715--- --- -1- 7-2- .5-03 T--3 2 -67441- - ­. . ...... 
T 307= 44.323 T 3008: 39.83 
T 2 xn4. <'.na.: 7 3145: 48.594 -
T22 . 3D 159 T"321: 5.o126 T 	 31106± 4.670 
T 3106= 44.298 T 4507104 -32 T 3108± 35.488 
, 1 41 ( fo°lu.4 2 	-	 -2--- T--3- -- r- T--- 1- 51-746 --T - 2-2'- 4-6­T :207= 27451 T 	 3208- 22.894
T 323= 43.141 T 	 3204= 38.994 
 T 3205= 35.J50 T 	 3206= 	 31.213 =
 T 3302 42.814
T 3209= .243 T 3210= 15.693 T 3211= 12.188 	 T 3300= 56.408 T 301-- 47.044 

T 3c3= 938713 T 	 3304= 34.71 
 T 3305: 3C.886 T 1306= 57.175 
 T 3317- 23.536 T 	 3308- 18.982
 
fZ4T -tZ.Cf ------ =
T---* ------ 5-.--355 T-- r3-401- 52-r751- T -34U2=- -".295-
T 3406= 1.854 T 	 5407 28.039 7 3408= 23.436
3858 T 445-- 35.56
t ' T t403= 4391x75 ,T 44- T 3501= 69.378 T 35U= 64.297


'a,,T 4lO9=1.746 T 4410± 15,471 T 3411: 17.638 T 3907: 74.646 S507= 41.328 T 3508= 36.6163505= 52'.0145 T 3506= 45.638 TI £w"z -T-9.39",-T4'3Bg4''-- 57.6, T 	 
-t39- -T 4z2t1= -74.847 - - T--02± 659 54I 302 .26 -- 4--$5tt245t--- 1--4ftPI-
59.48 TT05 5.4 4006' 50.163 T 4,"07= 	 45.687 	 1 4008' 40.941
1 026440 7 44 
 
T 4009: 36.632 T 4010: 32.465 T 40111- 28:394 T 4100-	 74.673 T 4101:- 60.386 T 4102Z 64.299 5JZ 6,6
45Uf-J= 317 	 67o9 T 4108' 36.589
w 4513 5162 T, 3411= 12.678 T 1V6= '5.606 - T- 4107" 41.2 74583=57,11! T 4104: 4.578  4105 Sr015 - - -	 = -T 4103= 9.373
­
-- 5D 527 T--4-t 5wo-QlI T- 4-2U2 48,27*­
-50 42(0:4:89~~40Z1C= 3S.549 T 420!6: 21.644 T 4207= 27.835 T 4208: 23.261 
429ZT,9612t ~vAZV 16V8 4t2l,- 12.634 T 41',n E1.743 T430: 7.4 T 4302= 42.722 
,4 'T~43&84i d3P~t3k-9~ 4305= 30.506 T 43C6= 
------ T- -. T -- ­
260771 T- 4307: !3.144 T_4_ ± 864~


-~~ 	 
-- 44O'-tw75 - -44ft=-- 51-.898-- - -1- 4402M - 4-7--3s" __ t--~8r2P 
T 4408± 22.368
T 44C6= 3fl.579 T 	 4007' t6.84r
4 44 38.489 T 4405: 34.456 	 4 9 8T 4403: 42.775 T 
 4 ''1 bl. T 4502' 62.16918.846 1 	 4411r= 15.471 T 4411± 
 12 78 T 45C0' 73.11? 	 T
T' 49 
 T 4506' 43.385 T 	 4517' 39.223 T 4508= 34.730
52.277 T 45C5 4.737 
T 4523: 57.111 T 	 4504= 

--- T SOV±
	 - 72.739 -T1 50 u2' 67,"8
!---7"rtal---T l610:
L1 . t Ir4tr ZtttT~r 4S9r3 .... ~ 	 rtw- t 	 
107 rS* 4 -~s9a T' 5005' 52.199 T 5006' 47.688 T 50!a7= 43.376 T 5008' 38.870 3fl064 Y 5011= 27.338 	 7 5100: 71.584 T 	 5101: 66.147 T 5102' 60.99734Z5911100;l-	 34.582
'Jj~ *1714\T5105= 	 T4.85106= 42.902 1 5107: 38.903 T Sl~b= 
-- IoMT t' -2"t8t' -Y-s-0' tt.925 - -VB -57V1I=- 43.215 T- 5-12: - 3-9.703 -­
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T 52L3= 36.375 T 5204= 33.27C T S2L5= 33.306 T 5216= 27.477 T 5'7: t4.776 T 52u8= 21.414 
2t - i T9Irrr1Zt lb 4W3-'r-T--VZ-.-- rnF;ZW - T 530r= 32 -668 T 5301' - 3n.363 r 53L2= 28.19­
' A "T 5303= .26.14I ,T 5304- 243a3 T 53(15; 22.593 T 5306= Z0.794 T 5707= 19.171 T 5308= 16.809 
+Ts' 9 'T 5311= 	 54Wl.=T 530s'V-1 15.329. 5310 t 13,36 	 1,2.593 T 27.613 T 54(1= 46.529 T 5402= 25.524 
5403= 24.593 TUS4- 23.529 T 21.038 T S406= p2.312 T 54(7= 21.639 T 5408= 20.396L . 54 s4r5= 
541uvrinnr10ISrT t-I-I8.-T4 --- sr -- 31';363- -T- t!I' Issoi-t 3lg15,tO31 TS 
7 5503: 31.616 T 5504: 31.781 T 5C5- 31.055 T 5506= 32.153 T 55Q7= 32.375 T 5508= 32.465


-

T 5509= 32.747 T SSI 3Z.C56 T 5511= 31.397 	 T 6n09" 33.774 T 6001: 34.P41 T 6002' 34.332


T .0(3= 34.646 T 6094= 34.984 T 60j5= 35.340 	 T 6006= 35.715 T 6V07= 36.108 T 6008= 36.512 
-r -ttoflr Th0 Tt7 tOI= -st.4-13 --- T -6 1 d-2= 154& - ­
. luI-rr 	 T-rtf1l 1C- 146Tybur 6-tvr - .47w3TGl34 7 313BlM T. 31.955 T 	 61C6= 32.15T'6jD4:>=31,615 blOSt 	 T 6107= 32.378 T 6108= 32.467 
= ­
7' 6109 " 32.7148 , 61OF 334C52 4 T 6-11' 33.384 	 T lOQCP= -316.00 
W 6= 991.03 W 7= B49,66 W 8 44U.O0 
DP I= 4050.9 DP 2= ' tC.9 OP 3: rS0.q 	 DP 4= qr5e.9 OP S= 4050.9


Bu'.4 .. IK .t B.- ,IiOs t I -*-	 1U Z*11 P,,M41*C ~ =6.8 	 4= .10000 p S= b4.287 
END OF DATA

* OIVIDE CHECK HAS OCCURRED* 
&BRKPT PRINTS
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BCO 3THERMAL LPCS-W33-­ 41IU NFLATABLE RADI-
END I 
W-O-
B D 3NODE-OATA 
GEN -51013 ,70. 1.SSURFACE NODES-
E4 2D0,012O.,002917 STUSE NODE 
GEN 3000,8,17,D..00D2917 $TUBE NODE 
GEN 3000 70,002917 STUBE NODE 
GEN 40088:1,70..002917 $TUBE NODE 
L __ 
" GEN 1083 8 170 , OO2917 %TUBE NODE
GEN 2  83,8,1, . .D0291  %TUBE NODE 
-GEfN 30S3.8.1#7V,'002917 STUBt NODE . 
btN '+U85,,iilU.,.aUtJ2 s7­t MODEr 
SEN 5083 8 1 70. .002917 STUBE NODE 
GEN 999, ,10O.77,,.02917SMANIFOLD TUBESEN 10915,. i006.7D.,OO2917SMANIFOLD TUBE 
bLN • • * z.plF U NOUL 
- EN -94 10o .*1 . SFJJID NODE 
-GEN -19I,5, 0 .0.4 * $FLUID NODE 
DEN -10,82,l1 .1. tFLUID NODE 
"G-'z ;I ..NI O-
GEN -30O,,,7.1. $FLUID NODE 
GEN -400,8,i SFLUID NODE 
GEN -500,8, 1. SFLUID NODE 
--­.. 
.............. 
.. ..... 
. ... .­ . 
GEN -283,'8s,701. 
GEN-383,8,1,:70. 
EN 483 70 1. 
$FLUID NODE 
SFLUID NODE 
%FLUIO NODE 
SEN 3i2o,7 ,002917 
GEN 170,8,1 ,?..,O 6 GEN 17001 :70 ... O00 
SMANFOLD NODE 
SFIN$FIN NODENODE 
6N 1't ,70j;OIr IU 
6EN 180ag,70 ,.0O6
GEN 185O,8,1 TD,70,o0o0 
--­ ~gwu --
SFIN NODE 
8 $FIN NODE 
__ 
GEN 2700,8,1,70,.000488 SPIN NODE 
N2750,8,1,7O,.00088 SPIN NODE
DEN 2BOO,8,1, DU7U48O48 SFIN NODE -.­ _ 
GEN 2900,: 1,7.,.O0488 SFIN NODEGSEN 2950a,1,70,:.O00488 SFIN NODE 
GEN 260081j.70:D000488 $FIN NODE 
-­ --
GEN 1200,8 170.,000488 $FIN NODE 
GEN 1250,8,1,70,o001488 $FIN NODE 
GEN 110 8u11 70..00 0 4 8 8 SFIN NODEGEN00, , oU0:w00088TFINNODE 
BEN 140D0,8,1,70.,.000488 SFIN NODE


GEN .45,8,I,70..,.000488 SFIN NODE


GEN .500,81 70. .000488 SFIN NODE


... . wE--Is5oW, 1 .- g_~rTw-ffUE
ftDU4 - ­G-I


I 
SNDAISNLO 
-REPROCS'SOR DATE 120475 PAGE 4 
SEN 21000B,1,70.,.000488 SFIN NODE 
SEN 2150SlTO.,.O000488 SFIN NODE 
.... 
SEN 2200.8,1,T0.,.O00488 $FIN NODE 
p;y 7-r--; GEt~n.2..iA.LA n...nnnO. A&EI .tI SEN 2300Dt,7O.,.OOS8 SFININOOE
GEN 2350 ,,, 0.4.OOO881FIN NODE 
. --­ .. -
GENN 24002'jB t ,70:,:000488 SFINNOOEa O.. _.nmnn.&.sNrnODzr 
. 
6EN 
GEN 
2500,8,1,70,.000488 $FIN 
2550 BI,7D.; OfO488 SFIN 
NODE 
NODE 
SEN 3100,tl,70.,.000488 SFIN NODEFN315A.R.2.7n...nnn4R5 SFTN NeOOF-­
-­ -­
--­ -­ -
W ' 6EN 3 ,7,OD 00h4oOO88$FIn NODE 
GE 8I'TD?0°O.f0040z60sF'n NODE, 
E 00o04 57$FIN NODE­ . 
SEN 34008004O.,°OD0q88 SIN NODE
GEN 3450,S,1,70 0.0488 SFIN NODE 
GEN 3500,8,1,70,.000488 SFIN NODE 
GN "4150&17O.t 000488 
420 4G]Z. -281.n, 08 UA 
OD 
SPINFTN NODE,NODE ....... . . .. . . . 
SEN 430018,1,70.,.000488 $FIN NODE 
SEN 4350,8,1,70.,.000488 SFIN NODE
SEN 4400,8,1,70. .000488 SFIN NODESEN 4 a5 70.8 s N._._­lriJ3Wa,1,7 .,.OOh s PIN.NODE 
SEN 455D,S1,7W.,ODN88 SpIN NODEQ5,1,170.sEN5I0 ,.000488 SFIN ODE" 
K" 
-­"- N 52 0,8,1,70 *000488 SFIN NODE 
S N 52 18l,70.,.000488 SFIN NODE 
GEN 5300,81,70.,.000488 SFIN NODE 
GEN -535.8.1.7O..0O0488 SYMMET~jNf~-­
-GriNr9987S5,1OOOTUit.Oi36 SHANIFOLO NODE 
t, SEN 1096,51000T,7. .136$HANIFOLD" NODE 
SEN JO52 4,1,70'., Oj SDRUM NODE 
-­
. . 
-
.. 
-
.. -.. 
BEN 9002,2,2,0.,0.50 SURFACE NODE­
-...­
9001,-311.,1000000. 
ED 9003,-311.,1000000. 
--­
$SURFACE NODE 
SSURFACE NODE 
-t -­ -­ - -D__--
U ,7 RELATIVE.NOOE N BE5S' K. -ACTUAL NODE NUMBERS 
_____ ,- I TNRIJ­ ....... I Q_DipO­ 1OQZ - 1003 1004 1005 1006 1007 - 2000 2001 . 
[... . 
S61 
S71 
...... 
1­
--­
t 
2iIHRU 021 IHPU 30 
31 THRU 40 
N1 THOU so 
E -- ffRu-
THRP .70 
"THRU 80 
TU8 HRY 90L.L..9IY---T-f 
-­
200230o 
4006
1083 
7--2-085-­
3087 
4089 
-99 _ 
20033005 
4007 
1Q8
-20f6 
3088 
4090 
1999 
- -
20043006 
5000 
1085B 
2087 
3089 
5083 
?9 991650 
20053007 
5001 
1086 
2088 
3090 
5084 
39%_9151 
2006 4000 
5002jj[87
2089 
40a3 
5085 
49991652 
2007 4001 
5003
.1088 
2090 
40S4 
so86 
10911653 
3000 #002 
50041089 
3083 
4o85 
5087 
20911654 
3001 
9003 
500519 
3084 
40B6 
5088 
30911655 
3002 
4004 
500603 
3085 
4087 
5089 
40911656 
3003 
4005 
500728 
3086 
4088 
5090 
50911657 
G-Z 
g-gpRODUCIBILITY OF THE 
ORIGINAL PAGE IS POOR 
ISVDAAISINOL PflEPRO'CESSOR DATE 120475 PAGE 5 
.-­IU-r'M--rf 
Ill THRU 120 
- I7f 
1752 
- i7d1 
1753 
1702 
1754 
1703 
1755 
1704 
1756 
1705 
1757 
1706 
1800 
1707 
1801 
1750 
1802 
1751 
1803 
121 THRU 130 1804 1805 1806 1807 1850 1851 1852 1853 1854 1855 
, 
131I"iRU THRU'" 14015U 18567'-mo -­ 1857-I 5 1 1900-992 1901-1953" 19021954 19031955 19041956 19051957 19Q62700 19072701 
,151 
- ii=) ..161 
1711;1
191 
-HRU 
tTHRU' 
THRU.,
INrU 
THRU 
V'170 
180 
1.u 
200 
2702 2703 
2754 , 2755 
2806 2807
-0-00-901 
2952 2953 
2704 
2756 
.2850 
2902 
2954 
2705 
2757 
- 2851 
2903 
2955 
2706 
2800 
2852 
2904 
2956 
2707 
2801 
2853 
2905 
2957 
2750 
2802 
285t 
2906 
1100 
2751 
2803 
2855 
2907 
1101 
2752 
2804 
28562950 
1102 
2753 
2805 
2857 
2951 
1103 
-­
201 THRU 210 1104 1105 1106 1107 1150 1151 1152­ 1153 1154 1155 
J 
-
, 
' 
211 THRU 220 
1,ffl271 -i.Htn 
231 'THRU 240"-+ 
_281,THRU 260 
241/,THRU, 260 ' 
zrrTRgo 24_U4S 
271 THRU 280 
281 THRU 290 
291 THRU 300 
- iTT3H-~u--rn­
'11 THRU 320 
321 THRU 330 
331, THRU,"' 340 _ 
' HflU .... 
351 THRU 360 
361 THRU 370 
371 THRU 380 
- 5 b'3P1 1 mw3vr ~" j VTZF0 
291' THRtfl, 4i00THRU 1 
' 
___ 
, 
1156 1157 1200 1201 - 3202 - Z03 
1ZW -' 'I1I I--fjZ- -r1253 1254 __1255
1302 1 1303 134 ' 1305 1306 1307 
ilC,1354 1355 1356 1357 1400 1401 
' 1406, ­ 1407 1450 1451 1452 1453r o5­ 0---S3 -- '1f04C "1505 
1552 1553 1554 1555 1556 1557 
2104 2105 2106 2107 2150 2152 
2156 2157 2200 2201 2202 2203R _7, -~25W7_-=52-22 2'-­ 225-4 -­ 2255 
2302 2303 ' 2304 - 2305 2306 2307 
'2354 23S55 ' 2356 2357 2400 2401 
24D61 2407't 2450 2451. 245 V5S--f 250....2 0 - 2505 
2552 2553 2554 2555 2556 2557 
3104 3105 3106 3107 3150 3151 
3156 3157 3200 3201 3202 3203 
-37 Sx23r!_ 3 2s93 37F54 3255 
3302 3303 3304 3305 3306 3307 
3354 3355 3356 3357 3400 3401 
12D4 
1256 
1350 
1402 
1454 
15U 
2100 
2152 
2204 
2256C 
2350 
2402 
_25A 
2506 
3100 
3152 
3204 
3_S256 
3350 
3402 
1205 
1257 
1351 
1403 
150 7 
2101 
2153 
2205 
2S7 
2351 
2403 
245 
2507 
3101 
3153 
3205 
3257 
3351 
3403 
1206 -1207 
1300­ 1301 
1352 1353 
1404 1405 
4_115V46 1,57.
1550 1551 
2102 2103 
2154 2155 
?2P6 Z207-­
2300 2301 
2352 2353 
2404 2405 
246-157­
2855 2551 
310 3103 
3154 3155 
3206 3207 
"3300 3301­3352 3353 
3404 3405 
---
r---zr-)I---­
, ___ 
411 THRUJ­ 420 
W21 MWRg 'Su 
431 THRU 440 
441 THRU 450 
451 THRU 460 
IrrrFut'- w 
471 kTHRUW " 480k­ -
401' THRU ', 490y.
491' THRJ$ <500,'> 
.. ....-­7 - --RU -M-­
511 THRU 520 
521 THRU 530 
531 THRU 540 
s--rV Ru'-t-'52=­
-
. 
.3406 3407 3450 3451 3452 3453 
30 -0--"0--3 -3 -04 -3505 
3552 3553 3554 3555 3556 3S57 
4104 4105 4106 4107 4150 4151 
4156 4157 4200 4201 4202 4203 
qZ~fr Th2752 -4'M _4254~ 42'55 
4302 4303 4304 4305 4306 4307 
4354 4355 4356 4357 4400 4401 
4406' 4407 4450 4451 4452 4453 
5os---1--n-"r2--" 03 48d4 -4505 
4552 4553 4554 4555 4556 4557 
5104 5105 5106 5107 5150 5151 
5156 5157 5Z00 S201 5202 5203 
52'52-.... 523-­ -5254 5255 
3454 
3506 
4100 
415? 
4204 
42S6C 
4350 
4402 
4454 
4506 
5100 
5152 
5204 
52s6­
3455 
3507 
4101 
4153 
4205 
4257 
4351 
4403 
4455 
4507 
5101 
5153 
5205 
5257 
3456 
3550 
4102 
4154 
420 
-4300 
4352 
4404 
4456 
4550 
5102 
5154 
5206 
5300 
- 3457 
3551 
4103 
4155 
-­420­
4301 
4353 
4405 
4457 
4551 
5103 
5155 
507 
5301 
- ..-.. 
,7 
* 551 T RU - 560561 ITPT) 7" 570 
71 TI4RU -e580 
58­. .. gR--­
591 THRU 600 
601 THRU 610 
' 
53024998 
1051 
-5c 
99 
100 
53031092 
9002 
51 
199 
101 
53042092 
9004 
.8 
299 
102 
53053092 
9002 
59--­
399 
103 
53064092 
9003 
60 
499 
104 
53075092 
51. 
61 
191 
105 
9981052 
52 
62 
291 
106 
19981053 
53 
63 
391 
107 
2998 1054 
54 
1 
491 
200 
39981055 
55 
2 
591 
201 
611 THRU 020 
"ZrTn-rTFrRr----6 ,­
631 -, THRU 640 
641 THRU 650 
651 THRU b60' 
202 
34 
406 
183 
285 
203 
-0 
407 
184 
286 
8 8 
-
204 
306 
500 
185 
287 
389 
-
205 
07 
501 
135 
288 
390­
206 
400 
502 
187 
289 
483 
207 
401 
503 
188 
290 
484 
300 
q02
504 
189 
383 
485 
301 
403 
505 
190 
384 
486 
302 
404 
506 
283 
385 
487 
303 
405 
507 
284 
386 
488 
G -
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 6 
-7 THRU -BDO 
 
681 THRU 688
NODE ANALYSIS ... DIFFUSION 
-40- " 
5350 
57S5, 
490 583 
5351 5352
ARITHMETIC 
584 
53530, 
585 
5354BOUNDARY 
586 
5355113, 
587 
5356TOTAL 
588 
5357688

589 590
 
BUD 3CONDlUCTOR DATA .SEN 350,7,1 0650,1
1651,1,3.912E-5$AXIAL CONO

GEN 400,7,1, 70L1,11701,1,3.912E-55AXIAL COND

GEN 4SOl2.E.5lAXIL-COO 
 
-
SEN SOO,7,, 0,1, l,1,3.912E-SSAXIAL COND
GEN 5507,1 ,1856 1,18511 1.258E-SAXIAL COND

GEN 600,7,l,1900,.1901,1,1.2S8E-SSAXIAL COND
6 ITI:ZiOlIIZBE-55AXIAL
:7 COND 
 
GEN 750,71,2750,1,2751,111.258E-SSAXIAL COMO 
SEN 800,71 280,1 ,28011,1i.258E-SSAXIAL COND
A &QfA 
 L. E-5AXIAL COND
S 00 7,1 ,,2Oll25B-fSAXIAL CON

GEN 950,7 1,90121,.258E-S5AXIAL eND

GEN 110 0  
 1 1 1 1 .258E-5 SAXIAL CON
GEN 1150_.2

GE ,0f858-s A-XIAL COND 
8&5SAXIAL COtta
SEN 12,7, s 0 2 2sBE-S $AXIAL COM0
I 3 0 0 SEN 7t?*1lI,1.25-5 SAXIAL CONO 
.. 
 
.....

..
 
GEN 1450E-115 0GENGEN 1550 W1 
I.25SE-5 AXIAL COND

1.258E-5 SAXTAL COND 
1.258E-5 SAXIAL CONO
•8- BE SAX AL C9

GEN 2150,7tI S 1.258-5 SAXAL CONO

L550 
SEN 2200w1,220,,2011,5SE-5 SAXIAL
GEN 22507 CONO

1.258E-5 $AXIAL CUND

,25E-5 SAXIAL CONO 
2 SAXIAL CONEN 3507,1 ,,1.25E-S 
 
GEN 200,7. 1258E-5 SAXIAL COND
GEN 2450t~ ~ 1, 58f--5 AA U&ILrURD­
715 $AXIAL COND
LEN3200,1 , 1 2 258E-5 SAXIAL CONO
SEN 3107,1,1,258E-5 $AXIAL COND

SEN 3 ,7,, ,13 11,25-S SAXIAL COND

N34507,. ,1258E-5 SAXIAL COND 
GEN
--BEN 
3300,7,I3.258E-5 
Y350 7 .335 
SAXIAL COND
 
,L8E-5 _AXIAL'E-79-S -N ONDO 
GEN 3450,7, 11,.258E-s SAXIAL CON
- tE~rfo~v7 1,. 00,ffb11,aZ58E-5 SAXIAL tNGEN 350 0, ,1 2.258E-55 SAXIAL CON
GEN 350 S37. l7 SATAL

f 0.0, mblO {O ,1 ,ZSBE-5 $AXIAL COND-
GEN 41SO,7,1,4150,1,41 1,1.258E-5 SAXIAL CON

SEN 4200,7,1,400 ,1,4201,,1.258E-5 SAXIAL COND
GEN 4250 7 1 2 2 .258 -5-SXI COMO

SE- N 
GDENGEN 
57.1s03S­
440,4450I74 
1:1 51,1,258E-5 SAXIAL COND 
0
01,440 1,1.25BE-5 SAXIAL COND
44 , , 58 F-5__V XIAL COND 
G-4 
--- 
-- 
7 SINOA/SINFLO PREPROCESSOR 
 
SEN 51007, 1,5101,1,.258E-5 SAXIAL COND


GEN 5150,7,5 5151,1,1.258E-5 $AXIAL COND


GEN 5200.715251 4 1.1.258E-5 $AXIAL COND


i 20 1 258E-5 SAXIAL COND


GENwrrrT1Nz1000,7,1,1000,1,5091,11078E-61  	 1 P.dE- SAXIAL COWDb tblr, M O0N
__GEN 2000 7 Q, 01 .078E-6 SAX A COND
GEN 5300,7,1,54000,Is001,1,1.078E-6 SAXTAL COND
- _
irk-±j, -1 2r 	 A­
GEN 4000 7,1,303,1,400:1,1.OTE-6 $AXIAL COND


D.07E-6 EAL 
SEN 5000 5000,15001,1 TA 0CON


GEN 1050. 100 11084 1 1.07E-6 $A XI0AL CON


GEN 35,,10308,1,030 	 78E-6 SAX AL CORDD C-1. 
 
GEN 4050 1OM ,ON SAXIAL COCD

50501001l 1 O I 8Ed~L_ u58 u._f'A)(IAL CO .. .. . -___EN 	 4083,174Il7BE-6I $AXIAL CORD
" om -6 t 
 
GEN 1495100:100,100105 1,03 SEND COND


GEN 5099 S00,1 0831 OO105 04 003 SEND COND


GEN 52,3S1,10520I1103,1,o.002 
 
5 55tas-

S_5EN325 8,116 ,0v50,1
.
02246 
 
GEN3"8 6! 1, ,1, 
 
-EN 1225 l8b1,1 
 
GE 	 50, .045 
 
GEN 1 185,1O,.045 
 
SEN 55,8,1,15001500V 1 °633
bz,, Y 
GEN 2 1 ,8,1950,14700 ,.633 
 
_ -- rr55 2700, A2750,1.633 
 
- IGEN 1758,1,12D1,301,.63S14£10-GE 
bLN 2225,SI,.33

GEN 87581,2850,1,2900,1,.633 
 
BE ,'0926!1 2950 I 633
290 
GEN 112 ,110 11,1*. 
 
6E 225 8, 1 0,1,25501,.633 
GEN 1275,8,1,150,1,1300,1,.633 
SEN 75-, 1r_ , 1.3400,1 "633
GEN 1475 18:1:1450,1 1500 i1.633 
GEN 152518 1 1500,1;1550,.633 
--- W-'Z1375,8,1,13501q0 -I I; ( S-. 
GEN 2125.6811 2100.1,2150, .633 
 
b 
GEN 
 
GEN 
 
F 
 
GEN 
 
GEN 
 
GEN 
 
I 
 
GEN 
 
GEN 
 
GEN
GE 
 
.......


. .
-_ ­ .

UL]"2 	 , ----

L05 __ 
22550,1,I.633 

225 2300.1,.633

23758.-, ,T,,. __--_ 
Z .2350,1.,2400,1..633 . . .
 
2475 81:2450;1:2500,1:.633 
 
2525;8:1 25UQ 1 2550 1 .633 
 
3125,8,1,3100,1,3150,1,.633

-G&/t	G LtLbUI ZU 3 .. 
 
3225,8,1,3200,1,3250,1,,633 
 
3275,8,1,3250,1,3300,1,.633 
 
3375,8,1 550,1 3400 11,633 
 
_ 5,-4,-; 
 ,8,'',, ­

.	 ..


$FIN COND


$FIN COND

$FIN CORD


sFIN C-ON'/D

S I -OJ -
SFIN CORD


$FIN CORD


F R COGEN
IN- fO

$FIN COND


SFTN COND


SFIN CORD


. F-IN COND "


$FIN COND


$FIN CORD


$FIN COND

" _F-I C RND 
SRUM COND


SNDRUM COND


$SIDE CONO


S.63EANCON - -. 
E-
N COND
$00,1

SIDE COND

$SIDE COND


SFINs lT-COWOND
 ..


SFTN COD

$FIN COND


SFIN COND


SEAN CO..0 
SFIN COND
$FIN COND

SFIN COND


SFIN COND


$FIN COND 
SPIN COD
RO 
 
DATE 120475 PAGE 
 
-
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GEN 3475,8,1,3450,1,3500,1,.633 
GEN 3525,8,1,3500,1,3550,1,.633 
GEN 4125,8,1,41UD,1,4150,1,.633 
SFIN CONO 
$FIN COND 
SFIN COND 
GEN 4225,8,1,4200,1,4250,1.633 
BEN 4275,8,1,4250,1,4300,1,.633 
GEN 
L~L4225.~lAILfl1f!LS .t.LUG33 -
GEN 4475,8,1445011,4500,1,.633
GEN 4525,8,1,45001,4550,1.633 
SEN 5125,8,1,510011,5150I 1.633 
---
SFIN COND 
$FIN COMB 
$F375.,1,4350,1,4400,1,.&33S IN COND 
- IN.-OND­ --
SPIN COND 
SFIN CON 
SFIN COND 
r 
GEN 525.8)I,5200dz,2Z50,ly.633
GEN 5275.8'1,S2501 5300,1,.633 
GEN 9 75181 2 9 5 061,1090 -1' 0 3 9 6 
SPIN COND 
SPIN COND 
STUSE COND 
SEt35tl 1l3001,10001,0.396 
SEN 1D25,8,I,13501,10001,D.396
GEN 1575,81,1550,1,2001,0.396 
SEN 2025.S1,21 0 0.1..96 -
6EN 23Z5,S120l09D,-1,0.3 
6EN-2075,,1235O,1,209 lv O.3 9 6 
SEN:2575,8,1,2550. .3090,-IO 96 
GEN 3075.8.13100 1. .396 - .. 
$TUBL COND 
STUBE COND 
STUBE COND 
.SA--AD Oh-­-
STUBE COND 
STUBE COND 
STUBE COND 
A-TU CO OD 
GEN3325,8,13300,, 10.6 
SEN 3025,8,1,3350,1,3000,1,0.396
GEN 3575,8,1,3550.1 4000,1,0.396 
STUSE COND 
STUBE COND 
STUBE CONO 
- 1 ~ 
HGEN 4025.8.1.1 -50109-1°6STIJBE 8, ,43 01 01 396 
IEN 407t8, 4 0 90 :1,0.396 
BEEN 4575,8,I,&O1 f9r-,.9 
-
COND 
STUBE COND 
STUBE COND $TUBE COND 
75 ___aT~t aDM 9 
Z5;801i5UU~l5UUUl~c.96STUBE COND 
SEN 5025 8 1 5350 1 5000,1$0396 STUBE COND 
SEN 799,51060,99 1000,99A,1000,.300 SMANIFOLD COND 
GEN 1399,5 1000 1091 1000-2w 0lD. .300 SMANIFPLILCOND 
-iuu- -­
GEN 'a10941299 
G-DEN 9994'119 
' 
10 
-AtEll Y09, 9E-60 10010019.E-6 
9D 101 10000.EO. a .Ln jag 
-6 
78E,Ck 
SNANIFOLO COND$MANIFOLD COND 
$MANIFOLD COMOSp.aaMtANIFOLD COND 
RELATIVE CONDUCTOR NUMBERS ACTUAL CONDUCTOR NUMBERS 
1L 
-
, -TI U-­
11 , THRU 
21 THRU 
3+ TRU 
-Tt 
51 THRU 
61 THRU 
71 THRU 
91 THRU 
101 THRU 
1 
20 
30 
_40 
a0­
60 
70 
o80 
- f 
100 
110 
- -­
...... 
350 
403 
456 
552 
701 
754 
8__ 
T 
956 
1152 
351 -­ - 352 
404 405 
500 501 
553 554 
606 650 
702 703 
755 756 
851 852 
*-rT~04 905 
1100 1101 
1153 1154 
353 
406 
502 
555 
651 
704 
800 
853 
906 
1102 
1155 
354 
450 
503 
556 
652 
705 
801 
854 
950 
1103 
1156 
355 
451 
504 
600 
653 
706 
802 
855 
951 
1104 
1200 
356 
452 
505 
601 
654 
750 
803 
856 
952 
1105 
1201 
400 
453 
506 
602 
655 
751 
804 
900 
953 
1106 
1202 
401 
454 
550 
603 
656 
752 
805 
901 
954 
1150 
1203 
402 
455 
551 
604 
700 
753 
806 
902 
955 
1151 
1204 
111 THRU 120 
" -­ -T-RU ---­ 0 
1205 
1301 
1206 
1302 
1290 
1303 
1251 
1304 
1252 
1305 
1253 
1306 
1254 
1350 
1255 
1351 
1256 
1352 
1300 
1353 
G-6 
S9OUCIBIITY OF THE


PRIMAL PAGE IS POOR
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T3f-Tf-EF -4 . - -... iSq54­ 1355 1356 1400 1401 1402 1403 1404 1405 1406 
141 THRU 150 1450 1451 1452 1453 1454 1455 1456 1500 1501 1502 
151 THRU 160 1503 1504 1505 1506 1550 1551 1552 1553 1554 1555 
161 THRU 170 1556 2100 2101 -?J02 2103 2104 2105 2106 2150 2151 
V ,1 
181 
" H 
THRU 
180 
190 ' 
,Z TY23S 
2205 
1 5 
2206 
2fS­
2250 
21 
2251 
2156 
2252 
2200 
2253 
2201 
2254 
2202 
2255 
2203 
2256 
2204 
2300 
I91 THRU (200
201 'THRIJ 210._ 
211 Tf --­ 7-r'5 
_ 
-2301 
2j54 2302­3 5 
24451 
2303 
2$56 
2452 
2304 
..2400 
2453 
2305 
-2401 
2454 
2306 
2402 
2455 
2350 
2403 
2456 
2351 
2404 
2500 
2352 
2405 
2501 
2353 
2406 
2502 
221 THRU 230 2503 2504 2505 2506 2550 2551 2552 2553 2554 2555 
231 THRU 240 2556 3100 3101 3102 3103 3104 3105 3106 3150 3151 
, 
241 THRU 250 
25,HRU, ,8 
GI- WHRU , 270''­
27 1 THRO '280, 
281- THRU , 290 , 
791 IHRU 300 
301 THRi 310 
31 THRU 320 
, 
y 
3152 
3205 
3301 
3354 , 
3450 
35C3 
3556 
4152 
3153 3154 
2 -­ 50 
3302 3303 
3355, 3356 
3451 3452 
3- W4--­
4100 4101 
4153 4154 
3,155 
3251 
3304 
3400 
3453 
356 
41 5 
-­ 3156 
-3252 
3305 
3401 
3454 
3550-' 
4103 
4156 
3200 
3253 
3306 
3402 
3S55 
3551 
4104 
4200 
-3201 
3254 
3350 
3403 
345(-, 
3552 
4105 
4201 
.3202_ 
3255 
3351 
3404 
-. 35Q -­
3553 
4106 
4202 
3203. 
3256 
3352 
3405 
35,01, 
3554 
4150 
4203 
3204 
3300 
3353 
3406 
3502 
3555 
4151 
4204 
321 THRU 330 4205 4206 4250 4251 4252 4253 4254 4255 4256 4300 
_______*) 
A' 
56ljY1 *HRW 
.341; j3HRUe
THRU36'1,  
,S*Og
' 
3 5 0  
360-7 . 
N, 
, 
' 
, 
4301Tf1(O 
'4 54 
4450503 
4355 
4451504 
4356 
4452505 
'S-OVl 
4400 
4453506 
4SU 4­7-"f3016 
4401 4402 
4454 44555 0 5 1 
4350 
4403 
44565 2 
4351 
4404 
4500S.3­
4j35-2
4405 
4501.54 
4353 
4406 
4502- q555_. 
I- U . -­ -­ -TF2 BIO--- 1C - 5105 -­ 5106 5150 5151 
381 
391 
THRU 
THRU 
390 
400 
5152 
5205 
5153 
5206 
5154 
5250 
5155 
5251 
5156 
5252 
5200 
5253 
5201 
5254 
5202 
5255 
5203 
5256 
5204 
5300 
401 
!TI 
'421 
THRUT 
THRU, 
410 
' 430 
5301 
7-11104 
t3000 
5302 
3001 
5303
-- 13 i 
3002 
5304 
- -700n 
3003 
5305200f­3004 
5306 
-2002 
3005 
1000
2003 
3006 
I O0J 
2004 
4000 
1002 
2005 
4001 
1003 
2006 
4002 
431 
4W1 
461 
THRU 
THRU. 
THRU 
440 
4501 
470 
4,003 
5006 
3055 
4004 
1050 
2205-205­-
3056 
4005 
1051 
- 2 2.. 
4050 
4006 
1052 
s. 
4051 
5000 
4053 
056 
4052 
-
5001 
10543050 
4053 
5002 
1055.­3051 
4054 
5003 
1D563052 
4055 
5004 
- 2050...3053 
4056 
5005 
251..3054 
5050 
471 THRU 480 5051 5052 5053 5054 5055 5056 1007 2007 3007 4007 
481 THRU 
rv9r-rHRU 
501 THRU 
511 THRUs 
52 1THR 
541 THRU 
490 
- si10,; 
520 ;
72 530 
550 
---­
,329 
, 
5007 
5U797-9T 
381 
475 
579 
-
1049 
330 
382 
4 
580 
2049 3049 
53­ -­ 9­
331 332 
425 426 
.. 1 7 478 
-­9 ... 530 
581 582 
-­
4049 
51" 
375 
427 
479 
531 
625 
5049 
-55 
376 
428 
480 
532 
626 
1099 
325-­
377 
429 
481 
575 
627 
2099 
326 
378 
430 
482 
576 
628 
3099 
327 
379 
431 
525 
577 
629 
-
4099 
328 
380 
432 
526 
578 
630 
_. 
551 THRU 560 631 632 675 676 677 678 679 680 681 682 
561 THRU 570 725 726 727 - 728 729 730 731 732_ 775 776 
bl 
581591 
, H 
TIRUTHRU 
R u 
5901600 ' 
7T7-­
8291,"881 
"T---- 779 
830 - 831882 925 
-780 
832926 
781 
875927 
782 
876928 
-825 
877929 
- 826 
878930 
827 
879931 
828 
880932 
801 THRU ,610 
u 
1125 
III[- 7 -1126 1127 --­ 177----1-F71) 1128-1[f8O I1291181­ 11301182 11311225 IX32_1226 11751227 11761228 
621 THRU 630 1229 1230 1231 1232 1275 1275 1277 1278 1279 1280 
. 
631 THRU 
641 THRU 
-= - -
-F -­
661 THRU 
640 
650 
- 6 -
670 
-
1281 1282 
1425 1426 
/ -1-T1-7,-4T
1529 1530 
-
1375 
1427 
-17479--­
1531 
1376 
1428 
1480" 
1532 
1377 
1429 
1481 
2125 
1378 
143I 
1482 
2126 
1379 
1431 
1525 
2127 
1380 
1432 
1526 
2128 
1381 
1475 
1527 
2129 
1382 
1476 
1528 
2130 
671 THRU 680 2131 2132 2175 2176 2177 2178 2179 2180 2181 2182 
681 THRU 
"VI -T"IF-­
690 
0 
-2225 2226 
277 - - - 227h 
2227 
2779­
2228 
2280 
2229 
2281 
2230 
2282 
2231 
2375 
2232 
2376 
2275 
2377 
2276 
2378 
-7 
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701 - THRU 710 -2379 - 380- 2381 2382 2425 2426 2427 2428 2429 2430 
711 THRU 720 2431 2432 2475 2476 2477 2478 2479 2480 2481 2482 
721 THRU 730 2525 2526 2527 2528 2529 2530 2531 2532 3125 3126 
.372.2 3177 
- ' 741. THRU 3179- 3180 3225 3226 3227 
 3229 
7.1.HATRI 7R- - - 312______.128._ 3129 3130 3131 3132 317& 3176 3178 ­
7,- 750' 3181 3182 3228 3230 
_751 THRU 7601 3231 3232 3275 3276 3277 3278 3279 3280 3281 3282 
- - . -761 THRU 770 1 3375 3376 3377 3378 3379 3380 3381 3382 3425 3426 
77,'I1, T J l
 A..___.... . _I 428_..4Z_ 3430 3431 3432 3425 3476 3477 3478 
781 THRU 790 3479 3480 3481 3482 3525 3526 3527 3528 3529 3530

k 791 THRU 800 3531 3532 4125 4126 4127 4128 4129 4130 4131 4132

801 THRU 810 4175 4176 4177 4178 4179 4180 4181 4182 4225 4226 
THRU 820 A4227.. 4-_2.&tk22 9- 4Z.3 - 4232 4275 -42U6 4277 4278Z -42-31 
S831-, 8PTRU , 4 ," ", 438127  4382 4425 4375427 4377429 4378 4379431 4380~~'830 2 0 281 4282 4376 430426 428 432 
- 841' 'TIRU , 850 '"- 4475 4476 4477 4478 4479 4480 4481 4482 4525 4526LL 40 5 LtA2 a8_AS t,.__f___4529--. 4-5324577 D1 5125- 5.12.6 .127 5128 -­
861 THRU 870 5129 5130 5131 5132 5175 5176 5177 5178 5179 5180


871 THRU 880 5181 5182 5225 5226 5227 5228 5229 5230 5231 5232


881 THRU 890 5275 5276 5277 5278 5279 5280 5281 5282 975 976


gL 1977e.---29- .1076
 178­891 TlRU 9= 980 A1 -9 2... 102.5- - 77 _ ­o
1- 901 TIRU)": 910 ' 1079 1080 1081 1082 1325 1326 1327 1328 1329 1330


t 1 ' RU 2 $ 7 1331 <1332 3025 1026 1027 1028 1029 1030 1031 1032

' , 575 1576 1577 1578 1579 1580 1581 1582 205 06


41 2329 2330 2331 2332 2075 2076 ?077 2078 2079 2080 
951 THRU 960 2081 2082 2575 2576 2577 2578 2579 2580 2581 2582


-J 961 THRU 9970 3075 3076 3077 3078 3079 3080 3081 3082 3325 3326

971 THRU ? 7332 3--2Q 329 _3330. 3331 3332 3025.. 3026 3027 3028 - -_ 
981 THRU 99Q4 ' 3029 3030 3031 3032 3575 3576 3577 3578 3579 3580S991' T4RU I' 1000' 3581 3582 4025 4026 4027 4028 4029 4030 4031 40321001, THRU., 1010 4325 4326 4327 4328 4329 4330 4331 4332 4075 4076 
LZ.i0..L 1LJTA-JA020_ _1 4 77---tff4.- 4ta9- 4080 -8 -s j4082-. 4575 - 4576 4577 4578-- - ­102 TR 1030 4579 4580 4581 4582 5075 5076 5077 5078 5079 5080 
1031 THRU 1040 5081 5082 5325 q326 5327 5328 5329 5330 5331 5332


1041 THRU 1050 5025 5026 5027 5028 5029 5030 5031 5032 799 1799


1051 THRU 10 6 0 2 - -799 - -.9791- .1399 23.99 3399 4.399 5399 899 . 1899 . .­

'-T ". t fyR i 7 2899 3899 4899 1299 2299 3299 4299 5299 999 1999


107AI, tYHRUS, LIEA 
 2999 3999 4999 1199 2199 3199 4199 5199
' "78 

CONlDUqTOR ANALYS..,. 1078, RADIATION 0, TOTAL 1078, CONNECTIONS r 1078 
%--D 3-h-LoW DATA --

BCD 3NETWORK MAIN


GC=6.0042E10,CP=A4RO=A5,nU:A6,KT=A7,MPASS=H=A


irr-Z- -- 108 191 1091) EN
-
{ "' 2 =",262 3V11919,2072007),(283,203,291,2091),EN0


/ ,2* 3
: :3:(299,Z2999,307,300T(383,3083,39113091)tEND
40 l7 iaL8 t 083s49b,.c191)END
5,2,3=(49§,49591,0,50077),(5835083,591,S91hEND
I


6:1,2 1-3,END 
 
END 
73;4=2,4END


2;131E-s,.0163653.1255.d1 99.107),1183,191)
(4199,207),(28,3,291),(29907),(383,391) (399,407},(q83,491)


, ~~149?-,5071 (583 S_9_IN


T-10b106&, .O3658,.50,.0Th29,0.,N 
L S1 NOASINFLO PREPROCESSOR - DATE 120475 PAGE Ii 
BCD 3FLOW SOURCE DATA 
END 
I,AlIEND 
~T N U 0- U-xT--
BCD 3CONSTANTS DATA 
TIMEND,.5 3 
DTIMEI .005 S 
IRLXCA,.01
ARLXCA 01 
$ 
S 
CUTPUT..O5 $ 
END' 
CONSTANTS ANALYSIS 
WCW . ARAy UAIA 
.. 
. 
USER 
. 
1, 
..... 
ADDED a 0 0, TOTAL I 
1 s FLOWRATE VS TIMEC.(l96°0 20. 96.0 END 
4 S C' COOLANOL s 
-­~r507 7r .TU7 
,1SO.,6f 
f 
lO10. 
7 3 ~ l s 0 ~ as 5 ~ q ~ i T~~-- 5 ;=­ 4­
62.3.50.O,D,._O..S n6.5,10O.tS4.J 
-, -f - -
.. - ..-
-
...... 
- -
6S VISCOSITY COOLANOL 15
-150. 2500. ,-100.,365.,-50.,30. ,0.10.4,5O.5.5,100.,3.7 
ISO. , °4,200.,Io9,END .. ... .. 
SS 1.UNUULIIVSIT tOOLANOLr-5-­
-150,.o65200.-.065,END 
8SPACE,16,END S ENTHALPY CURVE 
1U,*A1*Al2.*AI3 *A14 *A1S *A28 END 
,~1n-*-1,14U.,',, l.04;1.r.­ n 
*TS550.638 5i*TS6,1.438,16,*T57,1.438,16 *T58 2.996 2 
*T6932i996 2 TbOif2 .D 6 '1 26T61,lI.446126,*T62,11.446,126
*T63,12.1iu , 2-4ND b_ 6 END 
-. -;-­
1E&O.0,0.6;0.4.9g 98 4E,.33 .3 31*33,.33,.31,2SA,.3i,END 
14,* 63'T62 0. is**661O1 *63,T6D0 . *T63,*T59,0. 
______________________________ 0. *13*S6 02 ' T !*750T6, S7*0 3 T56 -02LT63* 
*i6*b %C1 1tH1*147 g~~ T51,~63,*T 51.869
*T62,*T61,Q.,*T62*T60,., T62*59 0. T62, *T58,0.0 
_r 
*T62 ,*57,.,*T62,*T56,.0 ,*T 
002 T57 
*1T5S,0,*T62,*T54,.0016 
.62:*T55*f62 *TSL 890,*T61,*T6O}0. 
-­
*T61#T601 * S,*fl1T61'*T259D9T01T801 .o880 .T61tT1.88 :T70,56. T5.03 
T60*T59 ,0.*TD *T40 *T *T12.T5*T50* 49 
L--~~ .~5fSt75~f7iS,pfl tTn It05O.,*MT4,0).
*T59,*TSS,0.,*159,*TSZ,0. ,*TS9,*TS1 :.S,*T5S.*TSI,O. ,*TS8,*T564 .02 
*158,*T55,0.,*T58,*T54U,051*T58,*T553,. *T58,*TS2.051T58,*T 1,.6
*T57 *T56 0, *T57 *T55 0. *T57 *1560. *157 *T53.D5,*T57 *75232 
*( *l.H T5 5 . ,*1T5,TSZ tT57,*T51 ,. 
*T56,'9'T551,.6 TT5S*T54S6*T55.*T5, O.,*T 5,*T5 . 52 
*T4*53,.C0t,T5t 5,*754* H.,T ,T
*TS3,*751 . T52 *T51 oT70END'-Ir-­ - -­ -i :isa .
--
12 
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16, *T9C0 73.2,END

27.*79003,11.i1#END


18,*T9004,11.04 END


*
7
 
2 4998,.1275,END

O{*Tl7?COO8983s*T1701p0.8983j*T1702 
.08983j*T17O3 .08983
T704t-08983,*T 705 ,O898 !jT1106,. O9;83,:TITO7,.G8983


A9TannILAL.n tAn2.. s9 3,tTln3,.a8983
A3 
*T1804..08983 *T1S05 08983 *T1806,.08983 *T1807,.08983 END
21 ,*T1650,.0883 *T1l51,.O883 *T165Z.O883p*T1653,.0883

*7±654,.D &3,*T165.085983,*TI656-.D0A83 *T6S67,.08983 
-1i754 
 .0fl894.L8 3In5. 9,niTS3,OA983
8..3,
2T175I4,.8983,* 1175j,.O$983,*TI756',.O843,*T1757,.08983,END 
 
22 *T1U34,i,979 T1055,l.4979,END'


2T5I2,1.4979 *T1053,1.4979 END


*12700,.0908,*T70 8 2750,.0908,*12751,.0908
* 2800'280850,.09 8,*T2851 ,0908


*T2900, 9 O1,. 50,.0908,*T295I,.0908


SW'1451, .09f 1550,.098tT1151.0908
* 12000.0908,a8,WT1lo5,0908ilTal0 
.09s 8 
*T2150,. 0151.5
B,0908,T1251,o0908.

7
*T2008.0 00.0908,oT101n.0908

I.250.0 081 00, .0908,T2201, .0908


L2* 000,.0908,TY0 T 5O,.09O8,*T3SSI,.08


*38*T2o 2100 908, T2C l50 .0908
*T25Ot.0908*T21i,90A,*T2no,.0908, T4201,.0908

*T3-50,090,35,.0 90,* 0o.o,*r ox,.o-o­

1..0900
0,.090800,908,*230.0908,T42351,.0908
T2400,.0908,oTt0lo0908,*24 o,.o908,Tr4451,.090
500,.0908,*Tq5QI, 09U8,*-2SSO,.O9 O8 *TSS1. 0 9 0 8it.~~ 9 nO R-~t Q Q.±l~ld9 , *13 01. . 6-,098 
09 b91,D8,Ot0200.D908,TS201.0908


*155..&085051.0908,*T300,.n908,*T31,.09O8


*T3200,.0908,*T3270,.0908,*T2750,.0908,*T3351.0908
I5250 ~~~50, 00
*T8002,.0906,*T203,.0908,*T50,.093, 00,'50
89,*8

*T5020908,**T5000091$08

51,.o0908

T0.091 
.0908U5908,*1 
4 5 0Z 415,'5906*T 20 0 8*T4295,.0908

--,! . ... . M O ,.0908
400*T195,.3908,*c1 o.098,*T53,.0908
*Tl152.OgOB,*TI5
409.0 ,T43202 ,O908,*T1203,.0908


*T102 .0908,*1 . T2,.09O8,*T1803,.0908


. *T140,090.,*l45,.b908,*T502,.0908,*T1S03,.0908


3-jo 
SNrA/STNFLO PREPROCESSO$ 

r201 a4b d=d3,&nf20go;*216i3, 0908
MV 
*T2152,.:0908,1*T2153,.0908*20,.98*2203,.0903

*T2252, .0908,4T22S3,".0908*20,.98*2303,.0908

* 1 j2088±fl908;*T2087;:09 8*2 S.0908 *T2353,:0908-
T2502; 0908,*T 5O3, .098,T2S2 98*T25 S3,090 
*13088, .908,ZTO7.98,*T3102, .0908,*T3103,.0908 

*13002,.0908,*T3003,.0908,*T3352,.0908,*T3353,.0908

*T3402,.0908,*T3403,.0908,*T3452,.0908,*T3453,.o908 

*T 3 SO2,.0906.*T3503..0908,i*TS52.096t*T353 .l908 

~TZ~,.90,fuz3Ao9a,*rqzfa,.9aa,*r423,.00908 
*T4252,.O908.*TqaS3.09t18.*T4302,.0908,*143o3, .0908 

___ -*T'88a,0n908,*T40t7.,0908.*T43B,.o09o8 *T4353..0908 
TIIUej,,UBu,* gu3,.0908,*Ig452,.0908,T 53,.0908I

*14502,.0908,*Tf503,.908,*T4552,.0908,:14553,0908 

*15088,.0908,*TSOST7,:0 908,*TS102,.0908,*T183::o908 

*T5152 .:0908,*T5153. 0908.*15?flit,0908 *TS2fl3,.0908 

*s009,*T500 z nn~n 
*T2804,0908,*T2805,.0908,*T2854,.0908,*T2855,.0908 

*12904,.0SOS,*T2905,.0908,*Tz9Sq,:0908,*T2955,.0908

*T1S6,.0908,*T1ORS,.0908 4T1104 .0908,*T1105_.0908 
*1254 X090,*TIZ5 , .0908,*T300, .908,*TISOS,. 0908 
*T13$4,.09&,* ::0,900 *Tl4n4,.090g,*TIq0S,.0qoe 
*T14,0908 *T2155,.0908,412204,.0908 *r22o5,.0908 
*T154,.0908,T2S,0908,*T2304,.0908,*T2305,.0908 
________ - *T2086,.0908,*T2085,.0908 *254.908 *12355 .908 
'*T2504,0908,*T250S,,.0908,*T255'I,.0908,*T2555,.0908

,*T3D8&,.O908,*T3Oa5,,.0908,*T3IO4,.fl9O8,*T31o5,.D9a8 

*T _________96435 98*30 .0908,4T3205:8908---­
*TZO40 D908,*T305,.0908,*T3354,.0908,*TSZSS,.0908 
____________ *T3504, 0908,*T3505, 0908 *TSSSQ .0908 4TSSS .0908­
*T4154t 0908, tT4155 ,.0908 ,*74204t,.0908 ,*Tk2O5i. 0908 

*T4214,.0908,*T4255,.0908,*T'4304, D908,*T4305,.0908
1 4 0 8 4 3 4 09
* 6t.0908r4 *T 08 *T435S,.0908
* 0S5,n0908 S

61 ,. u~~w',.V8Ts-5,-.0q0a
*4504,.090$,*Tq 5,0908,*T 4,0908,*T4555,.0908

*T5086,0908,*T5085,.00,T4.9 08,:*TS1O090
 
- - *15154,.0906 *TS1SE,:0908 T50 .0908450 .00*-­
-~~T2rrrr;Un~tw~ns, -m VwoTjnTSO 47rn 8,Tro MBnrfl 
*5004'.0908 *T5008,.0':908,END 

27,TI;06,6oiD&l*Tl9D7,.0908 *T1956fl0908i*T95 08 

*T00,.4O,*If+Lg.,.o908,Tn" 5S6.094Ti554,.h90 8 
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-­
*T28 90 2807. 08T,*285b,.0908,*T2857,.0908 
*T2906 .0908,T297 0 *T2956,.0908,*T2957,.0908
*T1084,.0908,*T1083 *8 1b.09 08,*Tl1O7,.0908 
t~IltSflSA81 . A9l~ Ot.h1J2&..JD8.1112107,.A0208.
*T1256, f*06,*T1257.0908 T1306,.0908,*T1307,.0908 
*T136,.09081*T135. .098 3 t140b,.O9O8,*T1407,.0908*T1456,.0908 450908 T1507.908 
*T2156,.0908,*T 22206,.0908,*T2207,.0908
*T2256,.0908 T . 2306,°O8,*T2307,. 908*T208,0 * , .090r2356,.0908,*T2357,.o908 
a0 *TSO1 , .0 9038* s6,.0908,*2S57,.0908 
*10680.909083*T3070709D8,*T3356,.0908,*TS157,.0908 
;48 
*T3 6,.0908,*T30T5,.0908,*T3056,.0908,*T357,oO908 
*T306,.0908,*T3007,.0908,*T3S56,.0908,* T357 .0908 
*T3506,.09O8*T3507,.0908.*T3556,.0908,*T*557,.0908 
*T4106g*908#*T4I07j .09flS.*1'41I06,fl fl&,* jjfl,.0ff
Thk6 .0908 *T4 67,*08 *T'4206 .0908 *I'0 r91 
,:T2s,09na,*IT427,.O908:*T4-306,.0908,*T'4301,.0908 
- - - - - - - -
*14506,0 ,T57.U908,*T4556,.OJ9O8,*T4557,.0908
*T508 °09a8,T083,.0908,*TS106,.09a8,*T5107.0908
*T5156 I.0908*T5157,.0908,*Ts20b,.o908,*TS207,.0908 
*T5256. .090 .T27 00,f3kt&455l,0f&
*TU005 908-IT5FT .0908*T1O51.97T10.END 
, , 
END ,91,ENO 
ARRAj ANALYSIS,.. NUMBER-QE .ARBAYIS...- 2t.J5YT.AL LENGTH-;._594 .. . ... 
TUBE NUMBER LIST 
1 
,PRESSURE NODE'LSs 
I, . 4 
2 3 
I 
3 
4 
44 
7--­
-
DIMENSION X(1O00o)NOIM=IOO00 
NTH:O 
RESET 
c9VINflA408A)
TOPLIN 
GENOUT(AB+II,,A8,3SHAS)
~FLOSOL -----­ -
FF 
F 
TTETWCSGOMP 
ITEST:F 
CNGACK 
F 
- -
BCD 3VARIABLrS 1 
IF(ITEST.EQ.1I) CALL RADIR(A1O,.1714E-8,-460.)
T5355z=T3555 
H 
G-IZ 
J SINDA/SINFLO PREPROCESSOR DATE 120q75 PAGE 
 15 
T-52 --- SS H 
T5353ZT3553 m


T535L4=T3554 H 
75355=T3555 M


T5356$T3556\. - m 
~~jtT 357tT3557t>


BCD 3VAR"IBLES 2 __-

TIHCHK(KlO)


END


BCO 3OUTPUT CALLS 
-- ­
"K~ ~ fl'ICJt K(I l,),t' 
oADDP EC02-VS5008*SINFLO.PROC. -- -........ 
 
....... ....... .......


- .. . . . . . - --- - ­
6-IS


SYStE- IMPROVED NUMERICAL DIFFERENCING ANALYZER-
- SINDA UNIVAC-1108 FORTRAN-V VERSION PAGE 58 
SOFT TUBE INFLATABLE RADIATOR 
--iR-t-- css RADIAT-ION DATA--
NUMBER OF SURFACES 13


SURFACE NUMBEijfME...--

.MUmBEKOE K-OD_.U­

51 1140.70000 
 152 73.20000
)lI .p nl - 1L--.- . . . .... . . 
54 11.04000 155 .63800 5 
56 1.43800 16
1a99&0D 
---......-... 
 
.. ... . . . .


2.9 9600 2
- 59 2.99600 2


6D 11.44600 126

.k1 ... ..At±6A00 -- - - -- -- - - 12t..6 - ­
-
- --- -.- -- -- -- -­62 11.44600 126


63 12.41700 127


SURFACE EMISSIVITY DATA


Lw.1 . I aaQcDDn01 _0000DQOO.0 .67flO+OL .67001t00.67000+00 .6j00 00 by70OU+00.... -. 67Df0a00 .67000+00 .-- TzooGonO ­
.ODDO0 .00000 .00000 .98000+00 .90000+00 .33000+00 .33000+00 .33000+00 .33000400 .33000+00 
SURFACE CQNNENCTION DATA-__ _ 
FROM SURFACE TO SURFACE 
 VIEW FACTOR


63 32 . .. OO0o 
63 59 .00000 
63 58 .40000-02


. .-- S-. . .OOO ­

64 56 .20000-01


63 55 .o00
63- -­- .16000-0263 53 .60000-02 
G-14 
,. 
, 
-­ _______ 
, ,, 
.. 63 .52 
63 
62 
__ 62 
- -5 
,,"62
~62 
62 il 
-6Z55 
62 
62 
62
. ' 
61, -
61; 9 
_ 
.$ 
51 
61 
65"7 
sa.00000 
S7 
-­ 6 
54 
53 
"--
52 
- --­
60 
59 
. 70O00-01 
.86900+00 
.00000 
.OO0 0 
.59OOOc 
.00000 
.ZML~f~~ 
.00008 
.16000-02 
.20000-02 
•.57QQ -01 
--­_ _oo 
:00000 
.00000 
- -
-0 
- -­
r -~,*4 4 - ___7 
%'- ~ - - - --­ _ - - ---­ -
; a', -U' d 'Nt V S 
SYSTEMS MP'FROVED NUMERICAL DIFFERENCINsANALYZER 
- -
CSOFT TUBE INFLATABLE RADIATOR 
-­ ~ ~ - I­
61 
61 
61 
___ 
57 
56 
55 
-­ .OOan 
.00000 
.20000-01 
c0OCO0 
61 53 .10000-02 
C; 6161 52 51 
.8b000-O1 
.84800+00 
-' 
______~6. Afl­6060 57S7 - .COlOfl­.00000.00000 
,'60 56 .20000-al 
U-
S5957 
60 
60 60 
60 So 
59 
54 
53 
52 
.5-1. 
58 
.10000-01 
.00000
.32750.00 
-00_jyor~o---­ 0200 
.00.00. 
.00000 
5, 56 .o0000 
----­
59 
59 
5959 -
54 
53 
52 
5 .'--sT -
.00000 
.00000 
.00000 
.-. 5.o+O.o oo 
58 
58 
'S756 
55 
.00000
.20000-01 
.00000 
58 53­ -0 
58 52 .5000O-01 
'__ 5857­
57 
_5 51 
55 
. .. 
.60000+00 
.00000O O O . 
_57 
57 
54 
53 
. o0000 
.50000-01 
I 
57 
5656 
51 
55 
54 
.75000+00
.10000-01 
.50000-01 
_________ 
-­
56 53 
--- S2­ - *QOQR.20000+00 
5655 5154 .60000+00.50000+00 
55 
55 
-.53 
52 
,00000 
.00000 
55 51 .0000+0


- SINDA UNIVAC-tICS FORTRAN-V VERSION PAGE 59 
---­
.. 
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-. 
.. . 
.-.. 
..-. ..-­- -
. 
TYSTEMS IWPOVE-- NLTRICAZ DIFFERENCIN6 ANALYZER - SINDA - - - UNIVAC-1I08 FORTRAN-V VERSION PAGE 60 
SOFT TUBE INFLATABLE RADIATOR 
... ... . .. . . 
54 
"52 53 .50000-01.50000-01 
54 51 .70000+00 
53 52 .20000+00 
53 si 70000+00 
- - L­ y---­ - -­ - -
SURFACE NODE AREA NODE AREA NODE AREA NODE AREA 
51 9001 140.70000 
5253 9002 9003 73.20000 11.14000 
55 998 .12750 1998 .12750 2998 .12750 3998 .12750 
4I998 .12750 
56 1700 .08983 1701 .08983 1702 .08983 1703 .08983 
...64-----.98-983 1705 .08933 1706 .08983 1707 .08983 
1800 .08983 1801 .08983 1802 .08983 1803 .08983 
1804 .08983 1805 .08983 1806 .08983 1807 .08983 
57 1650 .08983 1651 .08983 1552 .08983 1653 .08 83 .. . ... 
- --­ s8r 16n5 .08983 1556 .08983 1657 .08983 
1750 .08983 1751 .08983 1752 .08983 1753 .08983 
1754 .08983 1755 .08083 1756 .08983 1757 .08983 
58 __ 1054 1.49790 1055 1.49790 
"--­ _ Y-TO -­ L.4 750 1053 1.49790 
60 1900 .09080 1901 .09080 1950 .09080 1951 .09080 
2700 .09080 2701 .09080 2750 .09080 ?751 .09080 
2800 .09080 2801 .09080 2850 .09080 2851 .09080 
Z"V-0W7-aO­ --29"-01 .09080 2950 .09080 2951 .09080 
1090 .09080 1089 .09080 1100 .09080 1101 .09080 
1450 
1200 
.09080 
_.090880_ 
1451 
121 
.09080 
.09080 
1150 
1250 
.09080 
.09080 
1151 
1251 
.09080 
.09080 
. . . .. .09080 1301 .09080 1000 .09080 1001 .09080 
1350 .09080 1351 .09080 1400 .09080 1401 .09080 
1500 .09080 1501 .09080 1i50 .09080 1551 .09080 
2000 .09080 2001 .09080 2100 .09080 2101 .09080 
-­ -T-O-­ t.-Do8o 2151 .09080 2200 .09080 2201 .09080 
Z250 .09080 2251 .09080 2300 .09080 2301 .09080 
2090 .09080 2089 .09080 2350 .09080 2351 .09080 
2400 .09080 2401 .09080 2450 .09080 2451 .09080 
750.. .­ 0 - 2501 .09080 2550 .09080 2551 .09080 
3090 .09080 3089 .09080 3100 .69080 3101 .09080 
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SOFT TUBE INFLATAbLE RADIATOR 
_3150 
3250 
3000 
3400 
3500 
.09080 
.09080 
.09080 
.09080 
.,U9080 
3151 
3251 
3001 
3401 
3501 
.09080 
.09080 
.09080 
.09080 
.0900 
3200 
3300 
3350 
3450 
3550 
.09080 
.09080 
.09080 
-n qn9gn_ -
.201-....-9.& 
S3GI 
3351 
345151 .0ffS0 
.09080 
.09080, 
09080 
. 
.. 
4000 
4250 
.09080 
.415009080 
.09060 
4001 
4151 
4251 
.09080 
.09080 
.09080 
4100 
4200 
4300 
.09080 
.09080 
.09080 
4101 
4201 
4301 
.09080 
.09080 
.09080 L 
61 
q090
'4400 
4500 
5090 
_5150 
5250 
5000 1902 
,09080
.09080 
.09080 
.09080 
.09080 
.09080 
.09080
.39680 
- 4089 
4401 
4501 
5089 
5151 
5251 
5001 
1903 
.09080 
.09080 
.09080 
.09080 
.09080 
.09080 
.09080 
.09080 
4350 
4450 
4550 
5100 
5200 
5300 
1952 
. 
. 
...--. OqflAf­
.09080 
.09080 
.09080 
_ =098Dl 
.09080 
.09080 
_ 1 
45109080 
4551 
5101 
_ 2nlL.aIu., 
5301 
1953 
nLnnn 
.0908O, Ctt 
09 
.09080 
.09080 
z -
_.00Z_2702 
2802 
29021088 
1152 
-
_ 
,09080
.09080 
.09080 
.09080
.009080 
.09080 
10032703 
2803 
29031027 
1153 
.09080
.09080 
.09080 
.09080 
. 1557 
2752 
2852 
208080952 
.­
1202 
-0­
_­. 910 . 3 
.09080 2753' 44 
.09080 2853 " 
.09080 2953. 
.09080 9302..fl --afl.-.IJlS--..-S. 
.09080 1203 
gn
'.09080 -
09000­ ' 
.0080'g .o 
.09080 
k .So -
i 
1252 .09080 1253 .09080 1302 .09080 103 .09080 L;:. 
1352 
1q52 -
.09080 
.,09080 
1353 
1453 
.09080 
.09080 
1402 
1502 - -
.09080 
.0.9080 
1403 
.430908.n 
.09080 
0 
20022152 
2252 
.09080
,09080 
.09080 
26032153 
2153 
.09080
.09080 
.09080 
21022202 
2352 
.09080
.09080 
.09080 
21032203 
2203 
- ,090800
r'090801 
, .09080 
' t . -../h-: N 
2402 
2502 
30b8 
3152 
32b2 
3002 
34002 
.09080 
.09000 
.09080 
.09080 
,09080 
.09080 
.09080 
2203 
2503 
3087 
3153 
3253 
3003 
34003 
.09080 
.09080 
.09080 
.09080 
.09080 
.09080 
.09080 
252 
2552 
3102 
3202, 
3302 
3352 . 
3452 
.09080 253 
.09080 2553 
.09080 3103 
.090 l80 , I2f35i 
.09080 3303 
. 09080_ __1353
.09080 353 
.90n. 
, 
.09080 
.09080 
.09080 
.0,9080 
0980 
.09080 
' 
<' . 
-
t -
I 
4002 
4152 
.09080 
.09080 
4003 
4153 
.09080 
.09080 
4102 
4202 
.09080 
.09080 
4103 
4203 
.09080 
.09080 
4252 
4028 
4502'52.09080 
5088 
5152 
5252 
5002 
.09080 
s09 05 u 
.09080 
.09080
.09080
.0908u 
.09680 
4253 
4097 
4403450J 
5087 
5153 
5253 
5003 
.0o90 
.09080 
.09080
.09080 
.09080
.090C0 
.09080 
.0908 n 
4302 
4352. 
44524552 
5102 
5202 
5302 -
.09080 
QOfgngL5
.09080 -
,09080
.09080 
.09080 
.00080 
4303 
44534553 
5103 
..-5203 
5303 
-
.09080 
fQ~n.. 
.0908009080 
09080 
nga.. 
.09080 
-
-
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r 
SOFT 
---
TUBE INFLATABLE RADIATOP 62 190q
T u -a090 
2704 
2804 
_____29041
- Ta_ r--Z9 
-­ "­ -1154 
.09080 
a­ 
.09080 
.09080 
.09080 
00-0
.09080 
1905 
-l0b5 
2705 
2805 
ZP0 5 
10851155 
.09080 
.09080 
.09080 
.09080 
.09080 
.09080
.09080 
1954 
1554 
2754 
2854 
2954 
11041204 
.09080 
.09080 
.09080 
.09080 
.09050 
.09080
.09080 
1955 
1555 
2755 
2855 
295 
11051205 
.09080 
.09080 
.09080 
.09080 
.09080 
.09080
.09080 
125s 
1354 
.09080 
.09080 
1255 
1355 
.09080 
.09080 
1304 
1404 
.09080 
.09080 
1305 
14.05 
.09080 
.09080 
-
144 
2004 . 
2154 
S254 
2O 
t 
.09080 
.09080 
,09081 
090­
I--4V5 
2005 
2155 
2255 
.0908b 
.09080 
.09080 
.0908­
tffo---2"506sr  
1504 
2104 
2204 
2304 
2354 
.09080 
.09080 
.09080 
.09080­
.09080 
1505 
2105 
2205 
2305 
2355 
.09080 
.09080 
.09080 
08 
.09080 
-­- ....... . 
2404 
2504 
3086 
.09080 
.09080 
.09080 
2405 
2505 
3085 
.09080 
.09080 
.09080 
2454 
2554 
3104 
.09080 
.09080 
.U5OAO -
2455 
2555 
310.....s 
.09080 
.090800 9 0 8 0 
_____tD_____ 
,3Z54
-09080 09080 32155 3005 .09080 .09080 3304 3354 .09080 .09080 3305 3355 .09080 .09080 
4004 
4154 
4254 
4504
.S(),586 
09080_____________ 340S
.TV% 0ub­ -" 
09080 4005 
.09080 4155 
.09080 225.09080 
0'8..., 5 
409080 4405 
99080 1 4505.0 508  
.09080 090o80 
.09080 
.09080 
0900 
.09080 
.09080 
$454 3154 
4104 
4204 
4304 
4354 
4454 
4554510  
-
:0090 09080 
.09080 
.09080 
9-0 a 0 
.09080 
.09080 
.09080 0 
-
-­
34553555 
4105 
4205 
_4305 
4355 
4455 
4555510  
-,90­
-
.09080 
.09080 
.09080 
09080 
.09080 
.09080 
.09080a  
bb 00u ..... 5155 bo9080­ 5204 .09080 5205 .09080 
63 
5254 
5004 
1906 
.09080 
.09080 
.09080 
5255 
5005 
1907 
.09080 
.09080 
.09080 
5304 
1956 
.09080 
.09080 
5305 
1957 -. 
.09080 
0080­
.... 
206 
2806 t 
2906,_ 
Iu -
1156 
1256 
1356 
!09080 
.09080 
l_09080 
-
.09080 
.09080
.09080 
S.0404fl 
2707 
2807 
2907 
IB3 
1157 
1257 
1357 
--. 00060 
.09080 
.09080 
.09080 
-­ .09080 
.09080 
.09080 
.09080 
i5 
2756 
2856 
295f 
1106 
1206 
1306 
1406 
1557 
.09080 
.09080 
:090801 
.09080 
.09050 
.09080 
. 0908 
.09080 2757 
2857 
2957­
1107 
1207 
1307 
1407 
.09080 
.09080
.09080 
.09080
.09080 
.09080 
.09080 
-
-­
i­
71 S 
2006 
Z156 
22561791 -
-­ 8 '-
.09080+ 
.09080 
.0008Q0----' -­
-1-457 
2007 
2157 
225720t 
.wO80 
.09080 
.09080 
.09080 
.00080 
1506 
2106 
2206 
2306 
2356 
.09080 
.09080 
.09080 
.09080 
.09080 
1507 
2107 
2207 
2307 
2357 
.09080 
.09080 
.09080 
.09080 
.09080 
2406 .09080 2407 .09080 2456 .09080 2457 .09080 
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- SOFT TUBE INFLATABLE RADIATOR 
25fl.­ .­ . .....2-5Q7­
3084 .09080 3083 
3156 .09080 3157 
3256 - .09080 3257[ _3nnt, _____W aM O 
3406 .09080 3407 
3506 .09080 3507 
4006 .09080 4007 
R4156 47.-flft1.....--..152 
4256 .09080 4257 
4084 .09080 4083 
4406 .09080 4407
tL h.6.l9jl .... 457... 
5084 .09080 5083 
5156 .09080 5157 
5256 .09080 52575 0 ..-f__ _D_)80 - &0 -. 
.09080 
.09080 
.09080 
.09080
.l908.f 
.09080 
.09080 
.09080 
. 09 a _ 
.09080 
.09080 
.09080di90Bo 
.09080 
.09080 
.09080 
. =J39 D80. . 
2556 
3106 
3206 
33063356 
3456 
3556 
4106 
4206 
4306 
4356 
4456 
4556 
5106 
5206 
5306 
lnSt 
.09080 
.09080 
.09080 
.09080
.090a0 
.09060 
.09080 
.09080 
.09080 
.09080 
.09080 
.09080 
.09080 
.09080 
.09080 
.09080 
.97100 
2557 
3107 
3207 
3307 
3357 
3457 
3557 
4107 
4207 
4307 
4357 
4457 
4557 
5107 
5207 
5307 
-
.09080 
.09080 
.09080 
.09080 
.09080 
.09080 
.09080 
.09080
.09080 
.09080 
.09080 
.09080 
.09080 
.09080 
.09080 
.09080 
__CONNJSL~N OA4L 
.............. 
-
FROM SURFACE TO SURFACE SCRIPT FA 
62 63 .. .590040 
-­61 
60 63 63 .59225-02 .63651-02 
L -­ - -____ 59 ____2D___Q
58 63 .23997-01 
57 
56 
63 
63 
.38952-06 
.11189+00 
63 34446-03 
53 
52 
63 
63 
.50792-01 
.46832+00 
61
60 62 62 .54509-02 .58515-02 
59 
-5 1 , 
62 
. . .- [ 
-6 62 
_ _ 
.49047-061 5 6 1 6 =0 [ ­
.36565-06 
56 62 .10300400 
-
55 
54 
53 
62 
(12.. 
-62 
.10289-03 
37.­
.16120-01 
52 62 .44958+00 
G -20 
L1SyS EXSNr"U ED-UMECAL-DIFFERENCING AALYZER - - - SINDA - - UNIVAC-1108 FORTRAN-V VERSION PAGE 64 
SOFT TUBE INFLATABLE RADIATOR

51 -­ 68757+0j 
159 ,61 	58 
57 ______61$Jiz6.3­
' -
55 
54 
53 
61 
61 
61 
61 
61 
.46824-06
.16941-02 
.10307+­
.14509-03

.60252-03

.91743-02

259 	 S59, 	 V.165641.01 
-­ -60 
56 
5554 
60 
bIU 
60 
60 
60 
--­
.28913-06 
.31487-02.
-S--C7E . . .. 
.10748+00 
.23712-01
.37310-02 
.. . . . .. .	 .. . . . . . .. . . . . .. . 
[7. 77Lxi 	 fl52 	 <"sr~t~s._ 58" - 60,'­~60,59 .25455-01 -40531+01-----	.92524-07 -­ . 
56 
55 
54 
59 
59 
59 
.56579-07 
.43662-08

.11552-07

* 52 
,51 
57­
5 
59 
58­ -
.P37916-05 
.10037+01

.69715-07

55 
54 
53 
58 
53 
58 
.30851-03 
.20501-02 
.50968-02 
S­
",56 	 , 
55 
58 
57 
ST 
I12971+01 
.46777-07 
.33593-06

I_53­
53 
52 
51 
SW' 
5' 
_52 
54 
57 
57 
57
"-"5"&--r 
'56 
56 
56 
-­ -
5b 
.48173-01

.19269+00 
.72259+00
".,rzsxri-o-0r.. 
.11116-02 
.32067-02 
.22427+00

--­ 79 r5 ;D 
.65265-03

....

. 
-I' 
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SOFT TUBE INFLATABLE RADIATOR 
L _ _ _-55_ .- 995-O2 
52 55 .55702-02


51 SS .61208-01


53 54 .11190-01


51 54 .16195+00


52 53 .22643+01 
51 53 .82440+01
S1 52 - 553+2 -.-.._ 
7 3 +­
- I2 
SYSTEMS IMPROVED NUMERICAL DIFFEEfN ING -ANALYZER- - SINDA - - - UNIVAC-1108 FORTRAN-V VERSION PAGE 93 
SOFT TUBE INFLATABLE RADIATOR


- ' -
S---TG Z .059 -7125f1-017 1-f--46- T 5 102=-- 0.058 - T 5105Z 1-1.327 T 51"4-- 12.281 T 5105-- 13,.677


, T S106= 15.605 T 5107-=, 16.931 T 5150= 8.5246 T 5151=- 7.7948 T 5152= 3.7429 T 5153= 4.1718


,579 UT_520.3_00 3.160 31223 T 520- 32901_- .5__ I CS - 214- TEMPCC 103 3.6= 5: t_-35754
T 5250= 21.506 2 , T 2= 37 3 72 .1 T 5253=~ ~ 515 ~1- ~~~~s P 11400 T 5254 9.762 T50=971 87.05~ 4.12 .268 0=1.2  5255-T 5256- 8.3301 T 5257= 7.2375 T 5300-- 38.893 T 5301= 34.253 T 5302 28.392 T 5303-- 26.254 
T 5304= 2.806 T 5305: 21.870 5306= 20.519 T 507 18.548 T 5350= 7.000 T 551 39.5.6
___T 352=__ 32,663 31 .9,_.__ TTI-.5.1i--- P6,-73- T-..59/5.= -- Z3 .451 1-. 5356Z- 21,,22:3.-- -5*357Z--
 359­

T 9r3O= 311.001 T, 91002 = -207,56 T 9003= -3110 
 T 901= -116834
8 .4
 
"7.3t18,3 2-" 19 ,399 W 3-= 19.415 - 4= 19.424 W S= 19.625 
R it 99-778 OF 2= 99778 DP 3: 99778 4= 99.778 TP 5- 99.778-P 
 
OD 6= R 7t- .21680 215804 
 
- t- OMPU,TE .Tf,I M 2.345 INUTS -

TIME-= .50000 OTIMEU= 2.50000-03 CSGMIN( 2451= 3.85454-04 TEMPCC( 1054)= 5.96748-01 RELXCC 1850 = 7.50351-03
T 1 95.000 T 2 34.856 7 03= 70.182 T 4: 34.857 T 40= -311.00 T 52-= -297.82
Q1 P,7 , 86- 19589 "a 402: I...0 634 ... . . 5...6...90.384 , '-.,i -- . 7:38000 .... .... ..T 53= -31 0 T 54= - 3.D2 T 5. - _ - 576- -10845 7- 57 131.74 T .. 58- --0A..... 
T 59-- -60T-. T445-- 81= 9.5898 T 62= 8622 T 46 .90317 T 99= 
 94697
 
STO96 11 T 601: 85 470 T 102: 80.780 T 103= 76.261 T 104= 71.868 T 105 67.636 
T 106: 6364 T 07: 629637 T 183= 5.914 T 184: 55.3 T 585: 45.899 T 186= 41.519 
T 58-7 T 49-_.. -4 J827 -190: Z6.418- 2.421- 99.8 5 T1 191 94.-71L-7 7----ri760.3"2 - - s8.82 T 202 81.817 T 23= 77.596 T 204: 73.479 T 205= 69.496
T 206= 65.683 T 207= 61.925 T 283 58.303 T 284: 54.870 T 285 51.12 T 286: 48.188 
T 287= 4.907 288= 41.5820 T 289= 39,092 T 290- 36.463 291: 36.463 T 299: 94.717
T300= 90.384 TT 301- 86,1_98 _] 3Z 83 7_ 30 = 7T.634 TT 304= --73.328 1 -- 505:;- 69.,55L___ 
. T 'rU6-2l-- V-1101: 3.967 -- T 32 58.392 T 384: 54.959 T 385= 51.601 T 386= 76.28145.039, 38B= 30: T 36.552 T 399 9 7171=87T 179 4 11 T .7T 390: 36.551 91: 
T7T 110= 90.38 T 401 86203 T 102 81.850 T 1403= 77.642 1200: 73.58 T 105= 69.570
I T 406= 6 5 .77_._ 'T 4.9 -- Z,-Z_ 4 5.8 Ll-48K T 464l= 54,.987 TT 485= 51.63.6 T 486=--48-32- ....


"I' u'f8 -8 = 4--. -T--489= 39.243 T 49n=- 36.619 T 491= 36.620 T 499=- 94.720
1.966 T 
 
T 500-- 91.410 T Bolt- 87.217 T 502-- 82.857 T 503= 78o641 T 504= 74.528 T S05= 70.550


T 506= 66.741 T 507-= 62.988 T 583-- 59.378 T 564= 55.953 T 585= 52.604 T 586= 49.337


587= J89
T 46.099 T 583- 4 , L -T SZ L .245 J 590= _37,635 T 591= 37.635 T 998-- 85 ,65 
. . -9 --- 9-1- -: 1DOr O ... T- 1001= T"1.124 T 1002-- 65.695 T 1003= 61.595 T 1004=
 57,524 

T T1054-=1002: -106.265.751 T1055=--1203: -.106.7/45031  T 1007:93=- 46.557 T 1084--51 -167.9035.589 T 108S=52 -81.3343 461 T .C86=- -816022
27.61739'294 1053= 

= 
 
K­
"J T 1087-= 24.,088 T =.8-- 20,5580 T L089=_ _L8,5_7.8 T 1090= 15.626 T 1091= 26.436 T- 1092 26.525 
... i3;[[]---.2 8 ... -5 066 T 1102=- 2.03685 T 1103= 3 .7826 T 1104= 5.2483 T 1105z 7.2569 
T 1106-- 9.8309 T 1107-- 11.746 T 1150-- .78q66 T 1151= 1.1923 T 1152-- -2.5152 T 1153= -1.7651 
T 1154: -1.3992 T 1155=- -. 40837 T 1156z 1.2499 T 1157= 2.1713 T 1200z 5.1222 T 1201z 4.6221


--. 
-2--628- T1_205-_9111 34558 TT 1202n 30459_ . -. 50240 -. T 12_4.- -1.1206 T 1205= -1.0861 T 1206-Z -. 1207= -. 36028 
G-z3 
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SOFT TUBE INFLATABLE RADIATOR7 T "12- -6,rT74-rr- T34Ws- 122:-;&o6o T 1253: 7.6482 T 1254= 6.1014 T 1255: 5.1818 
T 1256 4.941 T 1257= 3.9943 T 1300= 33.746 T 1301= 31.283 T 1302= 25.395 T 1303= 23.202


L 1304 2025 1305= 18.792 T 1306= 17.456 T 1307= 15.507 T 1350= 42.348 T 1351= 38.915
922.6_0 1q01: T 1452 -25.155 1 1355= 22.190 T 1356; 19.828 T 1357= 16.8451406= 6.969 40= 27401-
1406: 6.9669 T 1402= 19.808 T 1403= 16.929 T 1404: 13.623
1407= 6.2609 TT 1450= 26.679 T 1405: 10.948T 1451= 23.718 T 1452: 15.971 
 T 1453= 13.215
T 1454= 9.9926 T 1455= 7.4267 T 1456= 
 5.5827 T 1457= 2.9790 T
T 1502: 20.092 1500: 30.649 T 1501= 27.623T 1503: 17.272 T _1564= l1S020 T 1505= 11.394. 7 1506= 9.4571 T 1507= 6.7908 _556 
 155--32.457 
 1 1553: 29.377 7 1554=

-
25.977 T 1555= 23.113T 1556: 20.81 7 1557= 17.939 T 1650: -131.28 7 1651= -131.09 
 T 1652= -132.69 T 1653= -132.47
7 165= -132.44 r 1655= -132.20 T 1656= -131.741702= T 1657= -131.51 T 1700= -107.40
 T 1701= -106.99-ixa51T, 7 1703: -109.58 T 170q= -1.09. T 1705: -108.98 T 1706= -108.07 T 1707: -107.59117s0r '-31,2T--p~73Tr-1---1;a-----
 1752E -132.69 T 1753: -132.47 T 1754= -132.44 T 1755= -132.20
T 1756: -131.74 7 757: -1315 T1801804: -109.49 1 185: 1.51 T 1800: -107.40 T 1801: -106.99
-109.49 1805= 108.98 1806= T 18C2= -110.05 T 1803= -109.58
- 80= T -108.07 1 1807: -107.59 T 1850= -100.46T 1852: -105.42 7 1853= -104.51 T 1854= -S .3Q T, 1855= -103,31 T .a 01,56 T 1851= -99.656 4 - T -1857: sAOO.62E Tl 7 oT­ 1903:-- -103.80 T 1904: -103.58S 1906= --100.65 7 1907Z -99.648 T 1905: -102.52T 1950= -96.;52 T 1951= -95.517 T 1952= -101.827 1954= -100.46 T 1955= -99.298 T 1956= -97.297 T 1957= -96.196 7 1998: 5762 TT 1953: -100.751999= 93.802


.r 2000= 76.133 T 2001= 
 72.016 T 2002= 66.842 
 T 2003= 62.977 -2 .2004: 59.121 7 2005: 55.542I . Uue: 5T,215 r2flU e7 .. -208 -4fl505 " 2084= 42.712 T 2085= 39.605T 2087= 33.940 T 2088= 31.192 T 2089= 29.811 T 2086= 36.673T 2090= 27.512 T 2091= 36.465
 T 2092: 36.475T 2100= 35.890 T 2101= 33.507 T 2102= 27.656 T 2103= 
 25.512 T 2104: 23.060 T
T 2105= 21.126
2106= 19.764 T 2107: 17.789 T 2150: 19.133 T 2151: 11.930 T02255 T 2253:2 
 r.6321 T 2157= 6.5371 T 2200= 9.6655 72202: 3.8883 T 2203: 35023 2201= 9.0237T 2204= 2.6671 1 2205= 2.4440T 2250 6.9002 1 2251= 7 2206= 2.8902 T 2207= 2.605070439 T 2252= 3.0091 T 2253= 3.4374 T 2254= 3.4500 T 
_ 2256= 5.2365 
_ 2257= 5.7434 T 2255= 4.0338
2300: 19:672_ 1 23013 11.610. T 2302= 9.236& T 2303= 1Q.5062T: 
= 'r6--- -_ -8M---- - :-36 14.820 T 2307: 16.151 T1 2352 4.1160 T 2353= 6.3464 2350= 3.4949 T 2351= 5.38947 2354: 8.2683 T 2355: 10.632 T 2356= 13.466 T 2357= 15.711
T 2400= -5.1921 7 2401= -3.4400 T 2402= -5.6456 T 2403= -3.5963T 2406= 2.9445 T 2404= -1.9579 T 2405= .20731T 2407= 4.9983 T 2450= -8.0300 T 2451= -6.3239 7 245?= -88302 T 2453= -6.8393'T- -
 I 2- 245-82T : 
 7 2457= 1.5072 T 2500= -5.1725 T 2501= -3.4202F7 T 2502= -5.6255 7 2503: '-3.5761 T 2504= -1.9375 T 2505= .22697T7 2550: 3.5352 1 2551= 5.4303 T 2552= 4.1573 T 7 2506: 2.9642 1 2507: 5.01802553: 6.3882 T 2554: 8.3104 T 2555= 10.6737 2556= 13.507 T 2557: 15.752 T Z70:= -91,256 T 2702: -90.214 1 2702: .- 96.441 1 2703:. -95.24472=---98481 
--- -91.386 T
 -90.155 T 2750= -83.751 T 2751= -82.572-2706= 2707=
T 2752= -88.981 T 2753= -87.122 T 2754= -86.522 T 2755= -85.054 T 2756= -82.735 T
1 2800: -73.709 2757= -81.3367 2801= -72.355 T 2802= -77.689 
 T 2803: -76.124 T 2804= 
 -75.268 T 2805= -73.575
7 2806= -71.057 T 2807= -69.442 T 2850= -60.804 T 2851: -59,230 T 2852: -63.696 T 2853= -61.369r7-S-4 r -Z _ -M-2O-7T -SS937 T 2857: -54.044 TT 2902= -45.9,77 T 2903= -43.816 T 2904= -42.165 2900: -44.551 T 2901: -42.728T 2905= -39.818 T 2906= 
-36.775 T 2907= -34.527
 
-T 2956 -12.714 T 2957: -10.000 T 2953= -21.188 T 2954= -18.940 T 2955: -16.113
 
T 2950== -24.402 T 2951= -22.192 T 2952: -23.763 
T J6?998= 85.702 T 2999= 93.843
-
T 3000: 76.155 T 3001: 72.053
-r -78 3003-63.040 T 4zlO-. .2 n 3005: 55.637 T 3006= 52.385 T 3007: 48.7997 3083= 45.58q T 308= 42.791 T 3085: 39.683 7 3086= 36.755 7 3067: 34.020 T 3088: 31.271 
G- 24 
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T 3089 29.889 T 3090= 27.59 T 3091= 36.553 T 3092= 36.562 T 3100: 10.727 T 3101= 11.668 
T 3102= 9.2964 T - 3103= 10.569 T 3104= 11.529 T 3105= 12.957 T 3106= 14.P87 T 3107= 16.221 
.rl 3159= 6.9442 T 3151: 7.0918 T 3152: 3.0600 T 3153: 3.4923 T 3154= 3.5088 T 3155= 4.0950 
T__112k 5.1020 -13- 151---2A -T- 320nD; - -701 T 3201= 9.0646 T 3202= - 3.9336 T 3203= 3-5533 
1 	3204= 2.7235 T 3205= 2.5050 T 3206= 2.9573 T 3207= 2.6780 T 3250: 19.162 T 3251= 17.704


T 	 3252= 11.972 7 3253= 10.756 1T 3254= 9.1233 T 3255: 8.0861 T 3256= 7.7052 T 3257: 6.6182


- T 3300= 35.916 T 3301 33.541 T 3302= 27.699 T 3303= 25.565 T 3304: 23.123 T 3305: 21.199 
'3306 19. 8 7 37j 1. 3---L 1..3351;) _--12-78 - T 3351= 39.52R T 3352= 32-&53- T 3353= 29-619... 
1 3 3584 26,262 T 3355: 23.439 T 3356= 21.207 T 335T 18.342 T 3400= 30.814 T 3401: 27.860


T 3402: 20.395 T 3403; 17.643 T 3404= 14.455 T 3405= 11.888 T 3406= 10.009 T 3407= 7.3952
C; 3450= 26.915 T 3451= 24.056 T 3452= 16.402 T 3453= 13.741 T 3454: 10.607 T 3455: 8.1229 
346 365 T 3A. .: 3.521'L T I00z 3D.8L5- 7 3501.- 27.862 7 3502: 211-397 T 3503; 17.6th ­
3504= 14.457 T 3505: 11.891 T 3506= 10.012 T 3507: 7.3986 T 3550= 42.780 T 3551: 39.531


T 	 3552: 32.657 1 3553= 29.623 T 3554= 26.267 T 3555= 23.445 T 3556= 21.213 T 3557: 18.349
T 	 3998= 85.763 7 3999: 93.P43 T 4000= 76.159 T 4001= 72.057 T 4002= 66.898 T 4093Z 63.050


T . - U-	 iLL._-I.-.- t- -_-5.3'8 T -Q7= - 48-813 1 4Q03= -456- _ .T 4T8 .42&37 ---.­08t± ;735 1 4086= 36.815 T 4087= 34.086 T 4088= 31.343 T 4089: 29.967 T 4090= 27.675
= 
 7 	 4091= 36.621 :4092=36.630 T 4101= 35.931 T 4101 33.557 T 4102= 27.715 T 4103= 25.581 
4104=: 23.139 T 4105= 21.214 T 4106= 19.863 T 4107: 17.898 T 4150= 19.186 T 4151= 17.72641 = 994 TA51.f-L_,2.._.T -it - - 9 1430. T 4155= .1043 T 4156= - 7-226 . 4157;: 1.6347. 
74200: 97338 7 4201: 9.0949 T 4202= 3.9618 T 4203= 3.58CC T 4204= 2.7486 T 4205: 2.5274 
T 4206= 2.9782 T 4207= 2.6971 T 425= 6.9860 7 4251= 7.1321 T 4252: 3.0971 T 4253: 3.5269 
T 4254= 3.5408 1 4255= 4.X231 T 4256= 5.3276 T 4257= 5.8356 T 4300= 10.785 T 4301= 11.720 
T 	4302= 9.3448 1 4303= .IQk -T -93D4- _ L,570 -T 43052 12.993 T 4306: - 14.519 .-T 4307= 16.249 ­
-7f-13-:= 3.7644 IT5--" 5.6399 T 4352: 4.3574 T 4353= 6.5834 T 4354= 8.4996 T 4355= 10.848 
7 4356= 13.677 T 4357: 15.916 7 4400= -4.8404 T 4401: -3.1160 7 4402: -5.3324 T 4403= -3.2876 
1 	 *
4404: -1.6551 1 4405: .4 169 T 4406= 3.2241 T 4407= 5.2715 T 4450= -7.5769 T 4451: -5.9064 
T 4452: -8.4267 T 4 53= . .4... T 144$q= -- ,8991 _ T 4455= =2.8206 T 4456: -41954 1 4957;: 1.865A . 
45-06 59_Y i401 -2.8906 T 4502: -5.1081 T 4503= -3.0629 T 4504= -1.4306 1 4505: .70614 
T 	450 3.4382 T 4507: 5.4844 T 4550: 4.2716 T 4551= 6.1032 T 4552: 4.8196 1 4553: 7.0464

T 4554: 8.9626 T 4555= 11.291 T 4556= 14.119 T 4557= 16.356 T 4996= 85.766 T 4999: 93.847 
T 5000= 80.434 IUj9 - -. 50D2:. -67.,732 T 5003= 53.875 T 5004= 60.027 T.5005; 56-.4-56 
1,--flb= 53.197 9- D T 5083= 46.474 T 5084= 43.690 T SO85= 40.589 T 5086: 37.708 
T 5087=' 34.978 1 5088: 32.233 T 5089= 30.854 T 5090= 28.646 T 5091= 37.637 T 5092: 37.645
| 	5100= 12.048 5101± 12.q35 7 IP.051 T 5103=
6 T 5102= 	 11.320 T 5104= 12.275 T 5105= 13.670

-. -LT- B.5118 	 3.7347 5153=510S....A 	 92Z. ._ -5--.150= T 5151= 7.7818 T 5152: T 4.1637 
=
T 	 s15i 4. 745155: 4.7357 T 5156= 5.9391 T 5157= 6.4431 T 5200= 11.608 7 5201 9.7184
T 5202= 4.5711 7 5203= 4.1876 T 5204= 3.3525 T 5205= 3.1146 T 5206= 3.5639 T 5207= 3.2785 
T 5250= 21.524 T 5251= 18.360 T 5252= 12.613 T 5253= 11.393 T 5254= 9.7552 T 5255= 8.7033 
T 5256= 8.3194 - T 5257= 7.2Z65 1 5300= 38.885 T_ 5301= 34.243 T 5302= 28.386 T 5303: 26.248­T- 57J04t- --. n - S105'= -- 71-8 65 -- T 5306= 20.510 T 5307= 18.539 T 5350= 70.000 T 5351= 39.531I 
T 5352= 32.657 T 5353= 29.624 T 5354= 26.268 T 5355= 23.445 T 5356: 21.214 T 5357= 18.349 
T 	 9001= -311.00 T 9002= -207.84 T 9003: -311.00 T 9004= -13.084


---	 W
... W- - - ".131 -- 2: 1-.01 ­ - - 3= 19.417 W 4= 19.426 5= 19.627

W 6: 95.999 w 7= 96.C01


__ -p 1 -99.789 - -- . 2OP 9.789 . Da 3=-F9,789 DP 4= 99.789 DP 5 99.789 

G-Z 
Y r b -- Mlwrrulr$NCING ANALYZER - - - SINDA - - - UNIVAC-1108 FORTRAN-V VERSION PACE 96 
SOFT TUBE INFLATABLE RADIATOR 
P 1- 100.16 P Z: 100.01 P 3= .21664 P 4= .00000 
LUMH~tR'i IJMEZ - 2732----ThTtfr - ....... 
-- END OF DATA 
*DIVIDE CHECK HAS OCCURRED* 
&BRKPT PRINT$


:-[ 
